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Abstract

Recent technological developments have enabled social robots’ engagement in hotel services. Customer
emotions in social robots use in hotels play important roles in understanding human-robot interactions
(HRI). However, the underlying factors inducing customer emotions in social robots use remain
underexplored. By employing text mining and content analysis approaches based on 4053 online
reviews about social robots use in hotels from TripAdvisor, this study uncovers the specific factors
concerning six discrete emations (joy, surprise, anger, disgust, fear, and sadness) from the view of social
robots’ utilitarian, social, and hedonic functions. In addition, the anthropomorphic features of social
robots, such as appearance and voice, were discovered to induce both joy and fear. This study
contributes to the HRI literature by providing explanations for customers’ discrete emotions in social
robots use from a functional view and provides practical guidelines for developers and hotel managers
on social robots” design and employment in hotels.

Keywords: Social robots, discrete emotions, IS functions, online reviews.

1 Introduction

Integration of emerging technologies, such as social robots in services, has opened a novel dimension
of user experience. Specifically, social robots have been widely utilized in hospitality services to
enhance traditional human-oriented services. Hotels have employed social robots to perform check-
infout and greet hotel customers at reception, luggage handling, delivery services, and even
entertainment (Kuo et al., 2017; Choi et al., 2021). Also, as Tung and Au (2018) mentioned, hotels
expect to gain a competitive advantage as well as other benefits, such as increasing customer satisfaction
and efficiency in services by employing social robots.

Human emotions have been portrayed as an important factor when assessing social robots use because
emotions play a significant role during human-robot interactions (HRIs) (Borghi and Mariani, 2022).
Previous studies have emphasized the importance of emotions in explaining user engagement with
technologies, such as user acceptance (Fuentes-Moraleda et al., 2020; Zhang et al., 2021; Song and Kim,
2022) and satisfaction (Orea-Giner et al., 2022). Fuentes-Moraleda et al. (2020) and Orea-Giner et al.
(2022) found that users have emotional reactions to social robots during HRIs. Tung and Au (2018)
explored social robots use in the hospitality context and highlighted emotions as one of the key
dimensions when evaluating user experience with social robots. Thus, an extensive focus has been given
to demonstrate the relationships between user emotions and their behaviors (Lu et al., 2019), and
emotions hold a pivotal position in understanding customer attitudes, beliefs, and decision-making
related to social robots (Lee et al., 2017). Although, previous studies such as Fuentes-Moraleda et al.
(2020) and Orea-Giner et al. (2022) have mainly examined users’ different emotions in social robots
use and their effects on users’ perceptions and behaviors in the hospitality context, prior research has
failed to explain the reasons for users’ discrete emotions in social robots use, which could provide better
understanding of users’ emotional experience of social robots in HRIs as well as better explanations for
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the effect of users’ emotions on their attitudes, beliefs, and behaviors related to social robots in
hospitality context.

Previous information system (IS) studies have examined users’ emotions in IS use and asserted that IS
functions such as utilitarian function (Venkatesh, 2000; Wakefield and Whitten, 2006), social function
(Tsai and Bagozzi, 2014), and hedonic function (Turel, 2015) could explain users’ emotions in IS use
(Beaudry and Pinsonneault, 2010; Lu et al., 2019). In essence, social robots could be argued as novel IS
having enhanced social capabilities (Sarrica et al., 2019) as well as possessing IS functions such as
utilitarian, social, and hedonic functions. For instance, robots can deliver items and act as receptionists
in hotels (Hu, 2021). Integration of social robots to perform specific tasks is a novel form of service
delivery and is expected to improve the efficiency of services (van Pinxteren et al., 2019). Social robots
can also perform social interactions with users by guiding users and providing information through
conversations with customers (Fuentes-Moraleda et al., 2020). Furthermore, by mimicking human
behaviors, social robots can provide enjoyment, pleasure, or amusement to users (Liu et al., 2022).
Specifically, actions such as blinking, changing gestures and behaviors, and dancing provide enjoyment
to customers (Huang et al., 2021). These functions of social robots play a fundamental role during HRIs.
Following the prior research findings on the role of IS functions in explaining users’ emotions in IS use
(Tsai and Bagozzi, 2014; Turel, 2015; Venkatesh, 2000), it is imperative to consider the functions of
social robots when studying users’ emotions in using social robots in hotels. Thus, the current study
aims to answer the following research question: what function-related factors drive customers’ discrete
emotions when using social robots in hotels?

Drawing on discrete emotion theory and IS functions, the current study explores the underlying reasons
for users’ six discrete emotions: joy, surprise, anger, disgust, fear, and sadness (Ekman, 1992), induced
during the use of social robots in hotels through user-generated online reviews. A text mining approach
was first utilized to detect the discrete emotions based on online hotel reviews about social robots use
in hotels; afterward, a content analysis was applied to uncover the reasons for these discrete emotions
from a functional view. This study’s findings contribute to HRI literature by uncovering the underlying
reasons for users’ discrete emotions induced during the use of social robots in hotels from the view of
utilitarian, social, and hedonic functions of social robots. Furthermore, this study unveils the impact of
anthropomorphic features such as the appearance and voice of social robots as additional factors in
inducing emotions of joy and fear. Also, the current study provides practical implications to social robot
developers and hotel managers on enhancing customers’ emotional experience during social robots use
in hotels concerning all utilitarian, social, and hedonic functions.

2 Literature Review

2.1 Emotions in technology use

Emotions have been studied across a multitude of fields, applying diverse conceptual frameworks (Lee
et al., 2017; Zhang et al., 2021; Borghi and Mariani, 2022). Dimensional theory, cognitive appraisal
theory, and discrete emotion theory have been the fundamental theories related to emotions (Yu et al.,
2023). Dimensional theory suggests that emotions are viewed along several core and fundamental
dimensions (Barrett and Russell, 1999), and valence, arousal, and power have often been mentioned in
the literature (Russell, 1980; Yin et al., 2014). Nevertheless, the most commonly accepted dimensions
within cross-disciplinaries are valence and arousal (Yin et al., 2014). For example, Russell’s (1980)
circumplex model uses valence and arousal to map emotions to a two-dimensional space that
distinguishes between positive and negative emotions at nuanced intensities. Cognitive appraisal theory
concentrates on specific cognitive evaluations underlying emotional states (Smith and Ellsworth, 1985).
These theories posit that emotional reactions are a result of personal interpretations, which are called
appraisals of a situation itself and the environment. The conceptualization of cognition and cognitive
process is debatable in the formation of an emotion (Yin et al., 2014).

Discrete emotion theory claims that humans express limited basic emotions (Plutchik, 1984; Ekman,
1992), and Gu et al. (2019) argued that emotions are primitive, biologically, and psychologically basic
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in nature. These discrete emotions are called basic, fundamental, first-order, primary, distinct, or core
emotions (Ortony, 2022; Yu et al., 2024). Scholars have put forward different basic emotions (Gu et al.,
2019; Ortony, 2022). For example, Plutchik (1984) suggested eight basic emotions: anger, fear, sadness,
disgust, surprise, anticipation, trust, and joy. Izard (2009) identified nine basic emotions: joy and interest
as positive emotions, fear, sadness, disgust, and anger as negative emotions, and three emotions:
contempt, guilt, and shame as neither positive nor negative. Further, Jack et al. (2014) put forward four
basic emotions as fear/surprise, happy, anger/disgust, and sad. Ekman (1992) suggested six emotions,
including joy, surprise, anger, disgust, fear, and sadness.

Prior research has delved into users’ emotions and the effect of emotions on the cognition and behavior
of users during the use of technologies (Beaudry and Pinsonneault, 2010). Previous studies have also
linked emotions with user behaviors. For example, Cenfetelli (2004) found that positive emotions, such
as joy and happiness, are positively related to perceived ease of use during technology use, while
negative emotions, such as anger, disgust, and fear, are negatively related to perceived ease of use.
Moreover, Brown et al. (2004) revealed that anxiety as an emotion negatively impacts users’ attitudes
during computer-mediated communication. Lu et al. (2019) found that continuance intention to use
technologies is associated with four categories of emotions: achievement emotions (satisfaction,
pleasure, enjoyment), challenge emotions (playfulness, flow), loss emotions (disappointment,
frustration), and deterrence emotions (fear, worry, distress).

In the hospitality context, Orea-Giner et al. (2022) studied customer emotions and sentiments regarding
the implementation of robots in hotels and found that incorporating robots in hotel services creates a
relationship between hotel customers and hotels by building an emotional link. Moreover, emotional
presence was discovered by Fuentes-Moraleda et al. (2020) when customers use social robots in hotels,
which was found to be a positive factor in the socio-emotional dimension of the acceptance of social
robots. Moreover, Tung and Au (2018) conceptualized emotions as a component of user experience in
HRIs.

Previous literature on social robots has focused primarily on either exploring users’ discrete emotions
by categorizing them as positive or negative from the valence view (Tung and Au, 2018) or examining
the effect of discrete emotions on users’ attitudes and behaviors (Kuo et al., 2017; Orea-Giner et al.,
2022). However, less attention has been paid to exploring the underlying reasons for emotions in social
robots use, which might offer deeper insight into how discrete emotions influence user behaviors.
Therefore, the current study attempts to explore this research gap by examining the reasons for customer
emotions in social robots use in the hotel context based on the six emotions suggested by Ekman (1992).
These six emotions have been utilized widely in previous literature on emotion research. For example,
Landwehr et al. (2011) examined how the six discrete emotions influence users’ social interactions in
the service context. Yu et al. (2024) investigated the influence of the six discrete emotions on human
engagement and behavior in retail services. Chuah and Yu (2021) applied the six discrete emotions to
understand the emotional expression of robots and user engagement with robots. Further, Premathilake
et al. (2023) examined the connections between Ekmans’ six emotions and customer satisfaction in the
hospitality setting. The wide acceptance of joy, surprise, anger, disgust, fear, and sadness emotions in
the prior literature also makes it reasonable to apply the six discrete emotions in this study to investigate
the reasons for customers’ discrete emotions elicited during the use of social robots in hotels.

2.2 Research on IS functions

IS literature claims that an 1S generally possesses multiple functions according to the system design and
the needs of the users, such as utilitarian, social, and hedonic functions (Sarrica et al., 2019; Song and
Kim, 2022; Ozturk et al., 2023). Designed as intelligent IS, social robots are developed to execute a
range of tasks and accomplish diverse requirements (Sarrica et al., 2019). Thus, social robots can be
regarded as multifunctional IS, and they are capable of performing IS functions such as utilitarian, social,
and hedonic functions (Venkatesh, 2000; Wakefield and Whitten, 2006; Ozturk et al., 2023).

In traditional IS literature, the utilitarian function of an IS is often explored in relation to usability,
perceived ease of use, and perceived usefulness or functionality (Venkatesh, 2000; Wakefield and
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Whitten, 2006). Social aspects such as social inclusion, social interactions, cognition, and social
behavior are investigated in relation to the social function of an IS (Tsai and Bagozzi, 2014; Lu et al.,
2019), whereas factors such as perceived enjoyment, perceived playfulness are associated with the
hedonic function of an IS (Lu et al., 2019). These three functions are argued to cause user emotions
during pre and post-stages of the use of IS (Beaudry and Pinsonneault, 2010; Lu et al., 2019).

Utilitarian function refers to the instrumental function or the practical role of a social robot aimed to
accomplish users’ objectives and goals (Ozturk et al., 2023). Prior research has extensively explored the
task-based level of utilitarian functions of social robots. For instance, social robots are employed to
fulfill users’ domestic needs (Chang et al., 2023), communicate with patients in hospitals or care houses
(Kluber and Onnasch, 2022), and assist hotel customers in the hospitality context (Fuentes-Moraleda et
al., 2020; Luo et al., 2021), facilitating functions such as check-in/out, guiding through information
provision, and luggage handling (Tung and Au, 2018). Furthermore, social robots are expected to elevate
productivity, effectiveness, and efficiency or add novelty to services by the successful execution of
utilitarian functions. Moreover, these functions (e.g., check-in in hotels) can usually be repetitive, time-
consuming, or subjective to innovativeness (Choi et al., 2021). Emotional expression is observed when
hotel customers experience the utilitarian functions of social robots. For example, Orea-Giner et al.
(2022) highlighted that users elicit joy and surprise when using delivery services offered by social
robots, which can further influence their satisfaction with social robots.

The social robots’ role in carrying social interactions, behaving as social actors (Sarrica et al., 2019;
Song and Kim, 2022), and performing HRIs by deviating from the task-oriented nature is regarded as
the social function of social robots (van Pinxteren et al., 2019). The social capabilities of social robots,
such as appropriate responses, performance of interactive communication, approachability, and ability
to listen without interfering when communicating, are instances where social robots function socially
(Song and Kim, 2022). When users interact, they might perceive robots as caring and reliable due to the
intelligence of robots. Similarly, users also tend to perceive humanoid social robots to be polite, kind,
and humorous (van Pinxteren et al., 2019). Therefore, anthropomorphic levels of social robots can be
significant when social robots perform social functions. Enhanced social characteristics of social robots
serve as a catalyst for HRIs and even encourage users to interact with social robots (Duffy, 2003). Tung
and Au (2018) mentioned that the social function of robots, such as social interactions and
communication, can make users feel socially connected and lead to emotions such as joy or surprise.
Borghi and Mariani (2022) also found that social interactions with robots could trigger joy among users.

The hedonic function of an IS provides users with pleasure and enjoyment, providing self-fulfilling apart
from the utilitarian function (Wakefield and Whitten, 2006). In this regard, social robots’ hedonic
function is associated with providing enjoyment or pleasure to users. This aspect of social robots could
create positive and memorable experiences via HRIs and emotional engagement (Liu et al., 2022).
Hedonic aspects of social robots could generate social, emotional, and epistemic elements in user
experience and induce positive feelings, including joy and excitement. According to De Graaf and Ben
Allouch (2013), attractiveness can be categorized as a hedonic variable in addition to enjoyment.
Moreover, the coolness of robots was argued to supplement the hedonic function of robots (Chen and
Girish, 2023). Similarly, Zhang et al. (2021) argued that mascot-like robots are particularly relevant to
cater to hedonic value as they can entertain and enhance the fun factor in service delivery in the
hospitality context. Moreover, Tung and Au (2018) mentioned that robots could meet users’
psychophysiological needs, such as relaxation and enjoyment. Ozturk et al. (2023) investigated
customers’ intention to use robots in hotels and discovered that customers’ utilitarian and hedonic
perceptions about social robots impact their social robots use intentions positively.

Previous research has specifically investigated social robots’ utilitarian, social, and hedonic functions
in different contexts or the effect of these functions on their attitudes and behaviors when users perceive
them in relation to social robots (Wakefield and Whitten, 2006; van Pinxteren et al., 2019; Orea-Giner
et al., 2022; Chen and Girish, 2023). Meanwhile, several studies have demonstrated the importance of
these functions in understanding HRIs (Fuentes-Moraleda et al., 2020; Luo et al., 2021; Chang et al.,
2023), and some studies have also examined user emotions in social robots use (Tung and Au, 2018;
Borghi and Mariani, 2022; Ozturk et al., 2023). Although these studies highlighted the importance of
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user emotions and examined user emotions in HRI, they have not explored the reasons for user emotions
during social robots use from a functional view, which could offer deeper insight into users” emotional
experience with HRIs. When social robots are employed in dynamic environments such as hotels, it is
necessary to understand the reasons for users’ emotions to ensure customer satisfaction (Tung and Au,
2018). Therefore, the current study attempts to address this gap by uncovering the reasons for user
emotions during social robots use in hotels from the view of IS functions.

3 Research Methodology

3.1 Data collection

User-generated online reviews from TripAdvisor were used as the data for this study. TripAdvisor, a
widely used social website among travelers, is known as a popular online review platform where
travelers can share their experiences (Luo et al., 2021). Moreover, online reviews on the platform
TripAdvisor have been widely used in research, specifically related to hospitality and tourism.
Additionally, TripAdvisor reviews are characteristically rich in information, and the platform has
maintained its integrity by policing the system to avoid false reviews (Lee et al., 2017).

Initially, keywords such as robot/robots were utilized to search for online reviews on the TripAdvisor
platform. This search aimed to identify the hotels employing social robots in their hospitality services,
and subsequently, hotel information was gathered, which these online reviews were referring to. Then,
we checked the recent online reviews with the keywords robot/robots from the TripAdvisor page of each
hotel that appeared in the initial search to further confirm their current use of social robots in hotel
services. Thereafter, the official websites of the identified hotels were further checked to verify the use
of social robots in these hotels. Finally, 94 hotels rated from 3 to 5 stars were confirmed for data analysis.
The hotels were from the USA (n=41), Japan (n=18), China (n=15), Singapore (n=6), England (n=4),
Taiwan (n=2), Bulgaria (n=2), UAE (n=2), and from Switzerland, Germany, Canada, and Portugal (n=1
for each country). A Python script, mainly utilizing the Selenium package, was developed to crawl and
scrape online reviews on the selected hotels from TripAdvisor. Reviews posted in English were
scrapped, and hotel attributes such as hotel star, hotel rating, review text, hotel name, review title,
location, value, service, cleanliness, and value were also collected. Initially, the dataset contained
150,384 reviews, which ranged from April 2004 to September 2022.

An online review reflects customers’ overall hotel stay experiences, including their social robots use
experience during their hotel stay. Online review texts could reflect hotel customers’ emotions regarding
different aspects related to hotel services, such as hotel room, location, food, staff, etc. Since the current
study focuses on uncovering the reasons for customer emotions in social robots use, the extracted
reviews had to be ensured to contain texts about customers’ social robots use. Thus, reviews that
included review texts about social robots use experiences were extracted using keywords such as
‘robot/robots,” and robots names (Orea-Giner et al., 2022) including Leo, Pepper, Cleo, Yobot, Alina,
Jeno, Titan, Jenna, Wes, and Milton). Although these extracted reviews contained the words
robot/robots, some review texts did not specifically refer to social robots. Thus, a manual check of the
reviews was performed to remove the reviews that did not relate to social robots use, though they
included robot-related keywords in review texts (e.g., ‘the reception staff are not welcoming at all more
like robots just waiting to check the next person in,” ...check-in staff | experienced operate like robots
with zero personality or sense of humor’). Thus, the reasons for emotions were confirmed to be portrayed
from social robots use, irrespective of the emotions arising from other hotel attributes or interactions
with hotel staff, which established the validity of the final data. Finally, review texts that explained only
about social robots use experience were extracted from the confirmed reviews and included as a new
data feature for analysis. The final dataset comprised a total of 4,053 pieces of online review texts about
social robot use in hotels and was distributed among all the 94 hotels with 3.5-star (8.5%), 4-star
(42.6%), 4.5-star (43.6%), and 5-star (5.3%) ratings following the classification used by TripAdvisor.
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3.2 Data analysis

The process of analyzing data encompassed several steps. A text mining approach was taken to detect
words related to user emotions (Orea-Giner et al., 2022). Emotional expression is widely prevalent in
online reviews (Lee et al., 2017). The review texts underwent preprocessing first, such as removing non-
alphabetic characters, converting text to lowercase, and lemmatizing. Further, additional spaces and stop
words were eliminated. A dictionary-based method for analyzing the emotions in text data is provided
by NRCLex package in Python, which incorporates the NRC Word-Emotion Association Lexicon
(EmoLex) composed by Mohammad and Turney (2013). Moreover, EmoLex has been widely used and
accepted to assess emotions in various service settings (Borghi and Mariani, 2022). Each word in the
lexicon is associated with pre-defined emotions. Therefore, NRCLex provides the capability to
determine the availability and the proportion of emotions while reflecting on the frequency of each
emotion in a given text (Mohammad and Turney, 2013). However, in this study, only the words linked
with each emotion were required to be extracted to select the most relevant review texts related to each
emotion.

All relevant words for joy, surprise, anger, disgust, fear, and sadness emotions were extracted along with
their frequencies from the filtered review texts by utilizing the NRCLex. After detecting words linked
with emotions, some reviews were observed to reflect more than one emotion; for example, similar
words related to anger and disgust, or joy and surprise were visible within a single review text. Out of
the list of words, two words, robot (n=4370) and hotel (n=1204), were excluded as review sentences
were exclusively related to social robots use in hotels. Words such as “great,” “cool,” “love,” “good,”
and “fun” were prominent, suggesting that many customers have a positive feeling about the experience
of social robots in hotels. Also, users recognized the utility of social robots more often, and this was
highlighted with words such as “service,” “deliver/delivery,” “luggage,” “lobby,” “check,” and “bring.”

A content analysis was performed using Atlas.ti to uncover the in-depth reasons for the occurrence of
each emotion. This required the selection of the most prominent review texts related to each emotion.
Following the text mining results, the top 15 most frequently mentioned words which appeared at least
thrice were appropriate to be selected for all emotions. Thus, 15 words were obtained with the highest
frequency for each emotion pertaining to sentences explaining social robots use experience. Each review
in the dataset was confirmed to have a high number of emotion-related words. Additionally, six
documents representing each emotion were formed in Atlas.ti for content analysis using the most
frequent emotion-related words following the text mining process. Some reviews appeared in multiple
documents since NRCLex reflected multiple emotions for a single word.

Two authors participated in the discussion of the codes to be applied in coding. After establishing an
agreement in the codes, one author conducted the coding. The review texts were open coded to break
down, examine, and understand the factors associated with each emotion. Open coding was done
following the functions of social robots implemented in hotels. For instance, delivering items to rooms
by social robots in review texts was coded as “room delivery.” One example of the review example is
“nice and fun visit from a friendly robot upon arrival to our room. The robot made cute noises delivered
us water and welcomed us to the hotel, loved the robot who can bring stuff to the room,” which was
coded as “room delivery.” Following the open codes, axial coding was carried out to link open codes
with specific factors, e.g., “delivery” as a main code with “delivery to room” as a subcode. Afterward,
these codes were mapped to three categories adhering to utilitarian, social, and hedonic IS functions,
following the agreement between the two authors. For example, “delivery” was linked with utilitarian
function. Three main codes representing delivery, luggage service, and concierge service were mapped
with utilitarian function, two codes explaining interactions and engagement were mapped to social
function, and a single code representing entertainment was mapped to hedonic function. Any unusual or
novel factor causing emotions was unmapped and coded separately.
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4 Findings

The analysis of reviews uncovered reasons for triggering joy, surprise, anger, disgust, fear, and sadness
emotions. The specific factors causing the arousal of each emotion during the use of social robots were
categorized based on utilitarian, social, and hedonic functions. Anthropomorphic features were found to
be an additional view to explain some emotions. In the subsequent sub-sections, the findings are detailed
extensively; words pertaining to emotions are in bold, and words related to specific factors are
underlined.

4.1 Joy

The findings of the current study indicate that users feel joyful when experiencing the robots’ utilitarian
functions, such as delivery, luggage handling, concierge services, waitress, and room service. The nature
of the robots’ service delivery has also made some users joyful, e.g., “loved (robot_name) for its
perkiness super modern no staff needed to check in and a huge robot will move luggage around.” Hotel
customers feel joyful when robots render services with convenience. Also, helpfulness and efficiency
during the service delivery have induced joyful feelings among customers.

The specific factors related to the social functions of robots, such as the interaction and engagement
capability of social robots, were found to be the reasons for the joy of customers. For example, users
have appreciated the initiation by social robots for interactions as “the robot so adorable coming your
room when u request for things” and “the little robot by reception is fun to interact with”. Robots’
capability to entertain is a pivotal factor related to the hedonic function of the robots, which creates joy
among users. Robots” movements and activities, such as singing or storytelling, induce feelings of joy,
for example, “We were very thoroughly entertained by (robot_name) the robot.”

In addition, users experienced joy through the recognition of the anthropomorphic features of robots,
such as appearance and voice. Appearance is often expressed with words such as “cute” and “adorable”
for robots with high anthropomorphism, such as humanoid robots, for example, “the patrons are greeted
by a cute robot (robot_name) whom my daughter loved” and “...and the robots were pretty and cute
too.” Moreover, users were found to have joyful feelings with the robots’ voices. For example, “our
kids had fun with churi-chan voice-activated robot though it can only understand Japanese,” mentions
robot joy related to robots’ voices. Table 1 summarizes the findings related to the factors that lead to the
feelings of joy in social robots use.

Words (frequency) | Function Specific factors (sample review)
¢ Joy in experiencing robot services such as,

* Delivery (nice and fun visit from a friendly robot upon arrival to our
room. the robot made cute noises delivered us water and welcomed
us to the hotel, loved the robot who can bring stuff to the room, the
robot is very helpful to deliver water, | want to leave, and | loved the
robot room service it was too cute definitely will be back)

Love (465), good
(311), fun (298),
clean (260), Utilitarian
friendly (245), food | function

(203), helpful * Luggage service (make sure to use the luggage robot that keeps your
(160), enjoy (130), case safe is great fun)
lovely (76), * Concierge (love the inclusion of (robot_name) the robot to the team
excellent (73), as it was fun seeing it in action at the lobby, love the robot waitress
surprise (68), happy nice little touch there.)
(38)’ E:etti ?E68), 4 | social « Interaction (my kids had fun interacting the robot (robot_name).)
2n?eﬁai$1 ((38;, an function . Enga_lgement (my girls also_ love (robot_name) the robot and received a
special candy treat from him)
Hedonic ¢ Entertainment/amusement (we were entertained by the robot in the
function lobby before our departure.)
Table 1. Factors affecting joy in social robots use.
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4.2 Surprise

The current research found that users are likely to be surprised when robots render services. Users may
expect human staff to perform hotel services such as serving, yet when these types of utilitarian functions
are performed by social robots, the unexpected service delivery surprises them: for example, hotel
customers mentioned, “only thing that really amazed me was the robot who would serve the essentials
to you directly to your room” and “the robots capable of delivering drinks to our room was an amazing
aspect of service.” Additionally, the findings reveal that the technological capabilities, such as the
autonomy and intelligence of robots, also induce surprise emotions within users when robots perform
services in hotels. For example, reviews such as “the robotic egg prep and cooking machine was a
surprise and fascinating to watch” disclose how users feel surprised by technological capabilities.

In the context of social functions, users are surprised when robots interact with them unexpectedly. For
instance, in some hotels, social robots are employed to attend special occasions such as parties, and these
robots can sing and dance while addressing users by their names. Also, robots can deliver gifts on such
occasions, for example, “the service was good especially a special surprise gift for birthday by a robot.”
These personified interactions surprise users. The current study also identified that the surprise factor
is induced by the hedonic function of social robots. For example, “(robot_name) robot was more than
enough entertainment to make up for it.” The novelty and uniqueness of social robot entertainment cause
users to be surprised. Table 2 lists the findings related to surprise.

Words (frequency) | Function Specific factors (sample review)

e Surprise in service delivery (love the super convenience location and
the robot that roamed around the hotel to run errands always amazes
me)

e Technological capability (they were surprised when seeing the
intelligence of a robot do what humans can do too)

Utilitarian
Good (311), amaze | function
(130), unique (81),
leave (80), lovely

(76), surprise (68), o Unexpected interactions (I was surprised to see a robot at my door
birthday (65), trip and was able to interact with it before it was on its way back to the
(52), wonderful elevator and downstairs)

(51), break (37), Social e Personalization (a nice birthday surprise from robot (robot_name) to
money (37), expect | function deliver a packet of macaroons with a handwritten birthday card from
(34), treat (33), the staffs and birthday song sung by (robot_name))

entertainment (29),

and excite (19) o Participation in special occasions (the hotel ended up sending a robot

up for my birthday and this was such a lovely surprise.)

Hedonic ¢ Entertainment capability (nice hotel with some entertainment robots
function for the children)
Table 2. Factors affecting surprise in social robots use.

4.3 Anger

Findings highlighted that the failures of the utilitarian functions of robots cause anger among customers
when using robots. Specifically, technological failures are visible in two utilitarian functions. Users feel
angry while interacting with broken delivery robots since customers “haven 't got the chance to use the
robot but what | saw during busy hour the robot is very slow maybe because so many people in the
lobby.” Similarly, findings showed that frequent technical issues in luggage and storage handling are
another reason for customers’ anger. When some users are excited about using such robot services, they
may feel angry upon arrival to the hotel when knowing the technical issues related to such robot services
and robotic service is not available, e.g., “front desk told us the luggage robots were broken and we
could not take the cart. ” Moreover, the absence of alternative solutions during a breakdown of a service
delivered by robots is identified to cause anger. For example, “a lady had to come out and check us in
because the robots didn’t manage” expresses the importance of human involvement when robots are
unable to carry out tasks.
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Although there are social robots assigned solely for utilitarian purposes, findings showed that users are
likely to interact and enjoy when experiencing their utility. Apart from the failures in utilitarian
functions, the disappointments in social and hedonic functions can cause anger. Further, mechanical
troubles, technical issues, or users’ missed opportunities may hinder their anticipated fun and provoke
anger; for example, users mentioned, “wanted to meet with the resident robot while there but it was
broken,” ““...too bad we didn 't get a chance to use it,” “but disappointed that the robot was not used for
room deliveries.” A list of factors causing anger is presented in Table 3.

Words . . .
(frequency) Function | Specific factors (sample review)

e Technological failures in service delivery such as,
Buffet (39), « Delivery/butler (The only minor disappointment was the fact that
money (37): (robot_name) the robot butler suffered from mechanical troubles
kick (36), hit Utilitarian attempting to deliver items to our room.)

(36), treat (33),
hot (31), broken
(29), disappoint

function « Storage/luggage handling (let down very badly when the robot jammed
while storing our luggage a common problem according to the staff.)

(24), fee (28), o Lack of alternative solutions (They have a really cool robot that checks your
bad (23), excite bag into a little cubbyhole however it was broken, and they have no back up)
(19), smell (14), « Unmet expectations (my only disappointment was that (robot_name) the
shout (1_2), Social room service robot and unofficial hotel mascot wasn 't strolling around
complaint (12), function interacting with people at any time during our stay. it’s such a unique and
and crazy (11) entertaining feature that we hoped to see him doing his robot mingling
again)
Table 3. Factors affecting anger in social robots use.

4.4 Disgust

The findings revealed that customers feel disgusted due to robot malfunctions, design failures, user’
resistance, dislike for robotic services, and aesthetic displeasure perceived by robot users. According to
the findings, robot malfunctions include factors such as the inability to navigate and respond, e.g., “the
robots also became a nuisance when they wouldn’t navigate out of the elevators successfully, you will
see two robots wandering around not really sure about their function.” Sometimes, users might be
unaware of the reasons for the malfunctions of robots, and they may feel disgusted. For example, reviews
such as “the hotel is supposed to be staffed by robots but that wasn’t the case with our visit they were
malfunctioning” and “finally the amazing robot arm thing was also broken” reflect this scenario. Also,
disgust can arise when robot designs can fail or mismatch with the function of the robot. Users’
resistance to robotic services, such as luggage handling, was also found to affect user disgust. For
example, “the robot to store bags is more inconvenient than a person giving me a ticket to hold my bag”
indicates that some users prefer human services over robots. Also, findings showed that users’ dislike
in robot services also induces feelings of disgust as they are unwillingly exposed to robots.

Aesthetic displeasure also causes users to feel disgusted with social robots. The weirdness of robots was
found to be the main reason affecting displeasure. The unavailability of highly anthropomorphized
robots results in creepiness or irritating nature of robots, which may have also influenced to perceive
robots as weird: for example, “the robot in our room is irritating” and ““I found the whole robot room
service thing to be kind of creepy.” Apart from such factors, reviews such as, “the robots are gimmicky
and to be honest a complete pain as they monopolize the lifts and cause you a delay of up to minutes not
funny if you are trying to keep to an appointment.” reveal that users also feel disgusted when they are
isolated with robots without human support. Table 4 summarizes the factors related to disgust.

Words (frequency) Function | Specific factors (sample review)

Treat (33), toilet (25), Utilitarian | ® Malfunctions (we were a bit disappointed because the robot
disappoint (24), bad (23), function didn’t come when our Kids ordered the extra water and towels
boy (21), smell (14), finally for the room)
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(13), hoot (11), weird (10), e Design failures (a bit disappointed with (robot_name) in the
Iqse (8), hc_)ngst (8), ill (8). guestroom always keep talking)

?'ftIY (7), ridiculous (7), and « Resistance to functions (the robot in the lobby that secures your
eeling (6) luggage is totally ridiculous and unnecessary)

o Dislikes for the service (Is that why we had to suffer that weird
robot server, | don 't necessarily go to a restaurant for the food
alone)

Hedonic | e Aesthetic displeasure (for first time visitors it is a little weird to
function deal with puppets robots)

Table 4. Factors affecting disgust in social robots use.

4.5 Fear

According to the findings of the current study, fear is caused mainly by the unfamiliarity of the social
robots in hotel services, users’ unexpected encounters, and robots’ lack of user-friendliness. Users may
fear unfamiliar features such as giant robotic arms, for example, “yes, there is a giant robotic arm that
stores your luggage. ” Unfamiliarity might also be due to the unexpected functionalities (luggage storage
handling using robot arms). The impersonality nature of robots, when combined with unexpected
encounters, may frighten the users in hotel environments. For example, hotel customers have mentioned
the creepiness as “l think the robots at the concierge will make me feel a little bit creepy.” Users may
expect to encounter a human lift operator in a lift; however, when they are met with a robot in proximity,
it could trigger fear among robot users. Moreover, the findings identified that the lack of user-
friendliness of robots induces fear. Robots may be programmed according to a specific set of rules, and
some users may experience difficulties in operating them. For example, “a similar story with the luggage
robot | didn ’t use it but there was a tutorial on the screen that some folks seemed to struggle with.” Also,
the lack of alternatives in such scenarios creates fear if human staff is unavailable.

The appearance of social robots was identified as a factor causing fear during social robots use. The
unfamiliarity arises from the unfamiliar appearances that were found with terms such as “dinosaur” and
“giant.” Similarly, findings showed that robotic voices can sometimes trigger fear, for example, “... a
blaring ear-piercing room siren and robot voice telling us to evacuate immediately use the stairs not
the elevator over and over again stumbling out of our room on the 8th floor I thought I was going to
have a heart attack.” Factors causing fear are summarized in Table 5.

Words (frequency) Function Specific factors (sample review)
Watch (102), surprise (68), case | Utilitarian | ¢ Unfamiliarity (I think the robots at the concierge will
(34), treat (33), broken (29), bad | function make me feel a little bit creepy)

(23), change (21), problem (20),
excite (19), dinosaur (19), swim | Social

(15), giant (15), crazy (11), creepy | function
(6), and beware (4)

e Unexpected encounters (beware of the robot who
frightened the life out of me when it got into the lift)

Table 5. Factors affecting fear in social robots use.

4.6 Sadness

As per the findings, specific factors causing users to feel sad when they use social robots are related to
utilitarian and social functions. From a utilitarian perspective, functionality issues, operational issues,
and reliability issues may cause sadness. Customers’ overall robot experience collapses when their
expectations of using social robots are unmet; for example, “basically it is a hotel claiming to be run by
robots but none of the robots work so you are left dealing with the staff that don 't know what they are
doing” and “the kids were looking forward to the hotel robot the whole way there only to be told it was
broken once we arrived.” Users realize functionality issues when assigned functions to robots, such as
check-in, check-out, or luggage handling, are lagging behind expectations. Similarly, operational issues
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may appear when assigned functions are not carried out properly. Also, customers may rely completely
on robots performing specific tasks, not knowing the capacity of the robots. In such cases, reliability
issues may arise. These issues are mainly linked to disappointment among hotel customers and thus
cause sadness.

The findings also showed that lack of human intervention during service delivery causes sadness. Some
users may prefer human staff to perform specific functions; for example, “the last straw was when |
tried to leave and store my luggage with their horrid luggage robot.” Reasons related to the hedonic
function of social robots were not found to cause sadness. Factors affecting sadness are categorized and
listed according to utilitarian and social functions in Table 6.

Words (frequency) | Function | Specific factors (sample review)

Leave (80), lovely o Functionality issues (the only problem we had was robot dude holding
(76), late (40), case our bags)
(34), treat (33), o Operational issues (we were misled into thinking that you guys had a

quiet (30), broken Utilitgrian
(29), art (26), music | function
(26), disappoint

robot that would allow us to store our luggage when in fact yours was
broken with no one actually being there over our four day stay to fix it)

(24), bad (23), sing o Lack of reliability (we had a problem with the (robot_name) robot that
(22)’ problem’(ZO) stores luggage eating one of our suitcases)
lax (18), and crazy | Social o Lack of human intervention (very disappointed with hotel no humans at
(11) function the registration desk area)

Table 6. Factors affecting sadness in social robots use.

5 Discussion

This study examined the reasons for users’ discrete emotions, including emotions such as joy, surprise,
anger, disgust, fear, and sadness, induced during the usage of social robots in hospitality services. These
factors were identified from a functional view of social robots, including utilitarian, social, and hedonic
functions.

The findings of the current study revealed that utilitarian, hedonic, and social functions induce feelings
of joy among customers during social robots use. The findings indicated that social robots contribute to
joyful feelings besides their functional role. Comparatively, Kuo et al. (2017) mentioned that the
usefulness of an IS based on communications is generally perceived to be efficient, and users often
express positive emotions during their use of such technologies. Further, the current study found that
users experience joy even when robots perform their designated functions, such as delivery, luggage
handling, and concierge services. Similarly, De Graaf and Ben Allouch (2013) highlighted that
customers experience positive emaotions, such as joy, when users perceive robots as useful and efficient
in service delivery. Similarly, Joy is induced by the social functions through HRIs as HRIs are a
determining factor in users’ emotional experience (Fuentes-Moraleda et al., 2020). Therefore, active
engagement in interactions is vital to memorable experiences. Apart from service delivery, social robots
are also capable of entertaining hotel customers. Similar to hotels, Ma et al. (2022) revealed that robots
can be employed to deliver food and also to host and entertain restaurant customers. Thus, hotel
customers feel joyful when experiencing robots performing activities such as singing, storytelling, and
dancing.

Users often compare robots’ features, such as appearance and voice, to humans and perceive them as
anthropomorphic features (Duffy, 2003). The findings showed that robot features such as voice and
appearance trigger users’ joy. This finding is consistent with the findings of Seeger et al. (2021) that
anthropomorphic features are associated with the wusers’ emotions. While social robots’
anthropomorphic features enhance utilitarian, social, or hedonic functions, these functions cannot fully
explain the user perception of the anthropomorphism of social robots. For example, Ma et al. (2022)
found that the anthropomorphic features of robots, such as being cool and cute like humans, enhance

Thirty-Second European Conference on Information Systems (ECIS 2024), Paphos, Cyprus 11



Emotions in social robots use

joyful experiences among customers due to appearance and voice, hence reducing the psychological
distance between customers and social robots during HRIs (Li and Sung, 2021).

Service delivery, augmented by the technological capability of social robots in hotels, was found to
surprise hotel customers from a utilitarian perspective. While most of the hotel customers were
positively surprised, some were frightened, i.e., negatively surprised due to factors such as novelty,
unexpected interactions, and appearance. Therefore, the surprise was found to be perceived positively
and negatively, aligning with the arguments of Huang et al. (2021) regarding the valence of surprise.
Some studies have suggested that robots’ utilitarian functions in hotels, such as reception greeting,
check-in/out, and luggage handling, could derive positive surprises among customers (Kuo et al., 2017,
Choi et al., 2021). Robots’ social functions, such as personalized greetings and participation in special
occasions, positively surprised hotel customers. Personalized interactions are possible due to the
developments in robotic intelligence. In addition, the entertainment capabilities of robots have also led
to surprising experiences for customers. Both personalized interactions and entertainment provided by
social robots transform traditional human-oriented services into emotionally engaging, memorable
experiences. The findings confirm the negative and positive sides of surprise as an emotion, which is
traditionally outlined as a positive emotion.

Technological failures in robot services such as storage handling and delivery, along with the lack of
alternatives, were discovered to trigger anger regarding the utilitarian functions of robots. These findings
are aligned with the findings of Fuentes-Moraleda et al. (2020) that technological errors generated by
robots lead to frustration and anger among users. Delivery services and luggage handling are basic
services in hotels. Hotel customers may expect the same smoothness in such services even when they
are carried out by robots. Failure to deliver these necessary services by social robots could provoke
customers’ anger. For example, Orea-Giner et al. (2022) highlight that service failures need to be
anticipated during the early stages of the adoption of robots in hospitality environments. In such cases,
alternative solutions, such as the involvement of human staff, are needed to be readily available. For
example, the unavailability of human staff when robot reception services fail will result in anger as it is
the first service encountered by hotel customers and the most prominent robot service (Tung and Au,
2018). Nevertheless, the expression of pleasantness by robots might mitigate and decrease anger even
after a service failure if alternative staff service is also available (Stock, 2018). Anger can also be
attributed to the disappointment stemming from unmet expectations of anticipated interactions and
enjoyment. The malfunctions that occur with social robots, which are employed to interact and entertain
hotel customers, and the inability of robots to engage with customers may result in disappointments,
which can transfer into anger since some customers have high expectations to interact with social robots
during their hotel stay.

Disgust was found to arise due to robot malfunctions, design failures, user resistance, and user dislike
for robot services in relation to the utilitarian aspect. Similarly, Shi et al. (2023) stated that the slackness
or unfriendliness of robots aggravates customers’ disgust. Robot malfunctions may cause users to feel
disappointed regarding robot services. When disappointment aggravates, users often feel disgusted, and
disgust is often linked to robots performing concierge activities (Orea-Giner et al., 2022). Similarly,
robot reception services also induce feelings of disgust (Tung and Au, 2018). Most often, users interact
with concierge robots after responding to reception services (Choi et al., 2021). When users dislike and
resist robot services, repeated interactions may induce disgust. In relation to hedonic functions, aesthetic
displeasure was found to be a factor affecting disgust. Sometimes, design failures also create aesthetic
displeasure. Unsettling and weird perceptions of robot appearance may disrupt the novelty in services
that hotels aim to provide when employing robots.

Hotel customers were found to be afraid of the unfamiliarity of robot service delivery. For example,
unfamiliarity in experiencing services by giant robot arms or unfamiliarity with the appearance such as
zoomorphic robots (e.g., dinosaur type) (Choi et al., 2021) evoke fear. In such scenarios, customers
might not be able to recognize the functionalities of social robots due to the fear of engaging with robots.
According to Borghi and Mariani (2022), fear has a decreasing trend along with familiarity with robots.
The findings of the current study further showed that anthropomorphic features such as appearance and
voice could also evoke fear. Chang et al. (2023) also mentioned that even humanoid appearance induces
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fear in users in relation to the uncanny valley theory. Moreover, the findings of the current study also
revealed that users provoke fear when social robots are met unexpectedly. In consideration of this, Tung
and Au (2018) argued that even a lack feeling of security induces feelings of fear when robots and users
co-exist within the same environment. During unexpected encounters, robots may also intrude on
personal spaces, creating the fear of being disturbed.

Users feel sadness when using the utilitarian and social functions of robots. Functionality issues and
operational failures cause sadness. Functionality issues provoke sadness when expected functions are
under-performed, or robots are unable to perform basic tasks such as luggage handling and check-in. In
such scenarios, users may value human staff over robot services. Operational issues further aggravate
the emotions of sadness when customers experience the inability to execute the assigned functions
properly. Also, customers may rely completely on robots for specific tasks, not knowing the capacity of
the robots. In such cases, reliability issues may arise; hence, impedes of reliability in robot services
cause sadness among users. The absence of human intervention during services was also found to trigger
sadness. Some users expect robots to perform and appear as humans, and some may even expect human
staff to assist even though robots are employed.

In summary, users induce feelings of joy due to social robots’ functional capabilities, social interactions,
and provision of entertainment. However, users experience surprise, both positive and negative, in
response to the novelty or the unexpected interactions. Anger arises from technical failures or unmet
expectations in robot services, while disgust is triggered by factors such as malfunctions, design flaws,
user resistance, and dislikes of robot services. Novelty and personalization of robot interactions often
elicit joy and surprise; however, the unfamiliarity with these services and unexpected encounters induce
fear. Moreover, sadness is caused due to functionality issues, lack of reliability, and the absence of
human intervention during service delivery. Lastly, the robots’ anthropomorphic features, such as their
appearance and voice, can provoke varying emotions, from joy to fear, depending on the user’s
perceptions of anthropomorphism.

6 Contributions

This study offers several theoretical contributions. First, drawing on the discrete emotion theory
(Ekman, 1992), this study contributes to HRI literature from the customer emotions view by uncovering
the specific factors inducing six discrete emotions from the social robots’ function view. Specifically,
the current study provides an understanding of the underlying reasons for the emotions of joy, surprise,
anger, disgust, fear, and sadness through a functional view of social robots, which include utilitarian,
social, and hedonic functions. Second, this study adds to the literature on users’ emotions by uncovering
anthropomorphic features of social robots as additional reasons for users’ emotions. Specifically, the
appearance and voice of social robots, as anthropomorphic features, were found to induce users’ positive
and negative emotions, such as joy and fear. Thus, the study emphasizes the importance of
anthropomorphic design as another key element in understanding user emotions during HRIs. Finally,
the current study enriches the nascent area of study that investigates how eWOM communications can
be utilized as an alternative means to disclose customer perceptions and emotions regarding social
robots. By adopting text mining techniques, this study portrays the possibility of capturing customer
emotions in social robots use and the reasons beyond them, extending beyond the mere evaluation of
positive and negative sentiments.

This study encompasses several practical implications. The findings of factors concerning social robots’
functions, such as utilitarian, social, and hedonic, which induce different emotions, guide robot
developers in designing and developing social robots. The designs can be improved to elevate positive
emotions such as joy and positive surprises as well as to mitigate negative emotions such as anger,
disgust, fear, and sadness. For example, developers can enhance the technological capability to make
users happy without evoking sadness and anger. However, robot malfunctions needed to be reduced by
taking steps such as constant monitoring and human staff intervention, which could mitigate negative
emotions among hotel customers. The findings of the current study on the three functions of social robots
in explaining customer emotions in social robots use in hotels imply that hotel managers should
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comprehend the importance of the association of social robots’ functions, such as utilitarian, social, and
hedonic, with customer emotions and harmonize these functions with customer needs in hotels to ensure
better customer experiences with social robots. Afterward, hotels can even benefit by promoting social
robots as a novel technological addition to hotel services, such as by launching packages to provide
social robot experiences entirely. For example, Yotel provides a ROBOCATION package that includes
interactive services with its social robots (YOTEL Singapore, 2021). However, hotel managers also
need to ensure that sufficient human intervention is available for customers who are unwilling to interact
with robots and to replace robots with human staff during malfunctions.

7 Conclusion

This study aims to uncover the reasons for discrete emotions in social robots use in the hospitality
context by utilizing user-generated online reviews from Tripadvisor. Text mining and content analysis
approaches were applied in this study to identify the reasons for discrete emotions from a function view
of social robots implemented in hotels. In summary, this study offers significant contributions to
literature by uncovering the factors related to joy, surprise, anger, disgust, fear, and sadness during HRIs
across utilitarian, social, and hedonic functions and by highlighting the significance of anthropomorphic
features in eliciting emotions among users. Also, the current study delivers actionable insights to robot
developers and hotel managers on improving the emotional experience of customers when social robots
are employed in hotel services.

The current study is imperiled to several limitations. First, this study only explored underlying factors
regarding discrete emotions from three functions of social robots: utilitarian, social, and hedonic. Future
research can deepen the understanding of the reasons for different emotions by selecting social robots
with different anthropomorphic levels. Second, this study uncovered the effect of several
anthropomorphic features on emotions. Further research can examine how user emotions are elicited
with different anthropomorphic features. Finally, this study has considered social robots in the
hospitality context to understand factors affecting emotions. It is necessary to approach the
generalization of these findings to other contexts with a degree of caution.
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