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Services are changing at an impressive pace boosted by the technological advances felt in Robotics, Big Data, and
Artificial Intelligence (AI) that have uncovered new research opportunities. Our objective is to contribute to the
literature by exploring the pros and cons of the use of service robots in the hospitality industry and to practice, by
presenting the architectural and technological characteristics of a fully automated plant based on a relevant case.
To achieve such goal, this article uses a systematic literature review to assess the state-of-the-art, characterize the
unit of analysis, and find new avenues for further research. The results indicate that, in high customer contact
settings, service robots tend to outperform humans when performing standardized tasks, because of their me-
chanical and analytical nature. Evidence also shows that, in some cases, service robots have not yet achieved the
desired technological maturity to proficiently replace humans. In other words, the technology is not quite there
yet, but this does not contradict the fact that new robot technologies, enabled by AI, will be able to replace the
employees’ empathetic intelligence. In practical terms, organizations are facing challenges where they have to
decide whether service robots are capable of completely replacing human labor or if they should rather invest in

balanced options, such as human-robot systems, that seem to be a much more rational choice today.

1. Introduction

When radio arrived, many thought it would mean the end of books;
when television came, some believed it would be the downfall of radio;
now robots have arrived and they are here to stay [1] and one may well
wonder if they will completely replace the human work [2]. It is a
well-known fact that robots have been studied for a while now [3].
Three decades ago, Engelhardt [4] argued that service robots encom-
passed a wide spectrum of technological fields and held the potential for
combining or even for surpassing industrial use. Those were perhaps
very optimistic words for the time, but in fact, over time, we have wit-
nessed the inclusion of service robots in several daily activities [5] such
as healthcare [6-8], education [9] or mobility [10]. Moreover, con-
sumer acceptance has made service robots’ technologies one of the most
recent entries in the field of hospitality [11]. Thus, the centrality of
service robots in shaping contemporary hospitality has been pivotal [12]
to the management literature.

Artificial intelligence (AI) has long been improving robots to enable

them to provide efficient human services [4,12], and is now getting
significant attention from service companies operating in tourism and
hospitality fields [13].

On the other hand, recent research conducted in the hospitality in-
dustry has shown that although Al plays an important role in improving
business operations, it is human intelligence, with all the emotional
abilities it encompasses, that plays a dominant role in managing em-
ployees and customers [14]. Other attempts have been made in relation
to the anthropomorphic qualities of service robots [15], giving them a
more human-like appearance, as well as establishing measurement tools
for human-robot interactions (HRI) [16].

Fully automated hotels are still a niche market that may not repre-
sent the sector in the near future and, as such, it is difficult to transfer
learning to another tourist activity, since they are built for a specific
purpose. However, there have been several call for papers from top-tier
Journals, such as the “Artificial Intelligence in Hospitality and Tourism”
[17] from the International Journal of Contemporary Hospitality Manage-
ment or the call “Digitalization and Sustainability in the Tourism and
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Hospitality Sectors” from the Journal of Sustainable Tourism [18], which
leads us to believe that the range of research is broader than that of
hospitality, being also relevant, for example, in the areas of tourism and
leisure.

Despite the growing interest of academics in the service robot arena,
little academic attention has yet been devoted to this topic, particularly
in the field of frontline hospitality services. While professionals are at
the forefront of many current developments, academics are increasingly
being challenged to keep up with the pace [19]. It also seems that there
is a greater need for quantitative and empirical studies [20] than for
theoretical debates. Theoretical studies, however, can be an important
support to new research, as in the case of, for instance: 1) theories such
as those proposed by Solomon et al. [21] that have contributed to the
assessment of service robots; or 2) recommendations, such as those
found in Ivanov and Webster’s work [22] that were particularly useful to
offer guidelines for further research.

Without relying too much on conceptual analysis, our scientific
research will be based on two theoretical articles that have been recently
published: 1) an article entitled “Brave new world: service robots in the
frontline”, by Wirtz et al. [23]. This article allowed us to study frontline
service robots in specific hospitality contexts, and, more specifically, to
analyze their performance in the Henn-na hotel; 2) a second article
entitled “Artificial intelligence in service”, by Huang and Rust [24]. This
last article helped us understand the relation between Al and service
robots’ technologies and how this association can progress to replace
human labor, according to the specifics of each hospitality task.

Bazzano and Lamberti [5] conducted a research that is quite similar
to ours and that focused on solutions for human-robot interfaces for
interactive receptionist systems. Kervenoael et al. [20] conceptualized
and empirically tested visitors’ intention to use social robots in hospi-
tality services, and Choi et al. [25] examined the dimensions of service
quality in the light of the influence of human-robot interaction from the
perspective of hoteliers and hotel guests.

The gap we identified has to do with a wide variety of studies that
explore the effects of the relationship between service robots with cus-
tomers and employees in the context of hospitality industry. However,
they neglect or at least do not devote comprehensive research efforts to
the study of fully automated hotels. Therefore, our research is different
to the extent that it analyzes a real-life scenario of a hotel that uses
service robots without any human participation through the entire ser-
vice process. The unit of analysis allowed us to analyze the positive and
negative outcomes of dealing with service robots in frontline services,
and to propose avenues for further research based on Al solutions.

We structured this article into six sections. We start by presenting an
overview of the topic, which includes the main theories that back up our
research, similar studies, research gaps and research goals. Then, we
discuss the most relevant terms of service robots characteristics of fully
automated hotels, followed by a section that explains how the meth-
odological process was carried out. In addition, we discuss the outcomes
of the research and their implications for the hospitality sector; in other
words, we will present and discuss the pros and cons of having service
robots at the frontline of the Henn-na hotel and the use of AI as a
complement to service operations. Finally, we put forward implications
for theory and practice, research limitations, as well as suggestions for
further research.

2. Conceptual background

In the remainder of this section, we will first define what is meant by
service robots, with particular focus on the situation in the Henn-na
hotel, and discuss the concept of Al Next, we will present the main
service robots dimensions proposed by Wirtz et al. [23] that will be
useful to compare the characteristics and capabilities of service robots
with those of frontline employees, and provide a deep understanding of
the types of tasks that can be predominantly achieved by robots and by
humans. We will also describe Huang and Rust’s [24,26,27] frameworks
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that put forward different degrees of implementation of Al technologies
to replace human activities.

2.1. Defining service robots

Service robots are developing new ways of interacting with cus-
tomers and providing new service experiences in the hotel sector [28].
As recently advanced by Belanche et al. [3, p. 205], the definition of the
term “robot” is a critical and necessary effort to help establish the limits
of the field and define which approaches are most relevant. The author
states that robot “is a standardized, general term, though several over-
lapping concepts also can describe robotic entities” [3, p. 205].

Service robots are defined as “system-based autonomous and
adaptable interfaces that interact, communicate and deliver service to
an organization’s customers” [23, p. 909]. However, service robots have
multiple definitions in the literature [30], like Bowen and Morosan’s
[31] who include the intelligence concept in their definition and state
that robots are “physically embodied artificially intelligent agents that
can take actions that have effects on the physical world”, or Kachouie’s
et al. [32] that, albeit not giving a formal definition, argues that service
robots are mainly used to support basic tasks of independent living, such
as mobility and navigation.

If we focus on the physical forms, service robots can present several
categories, depending on their anthropomorphism level, i.e. their
human-like attributes. The most commons are [33,34]: Mechanoids,
which are robots that do not resemble human beings, and whose phys-
ical appearance is similar to a machine; Humanoid robots that, although
perceivable as robots, have human-like appearance features. In this re-
gard, Belanche et al. [29] refer that the Spanish Association of Hotel
Managers predicts that 96% of hotel reception desk workers will be
replaced by these robots by 2029, and 42% of food and drinks delivery in
hotels will be performed by such robots in 2023; Androids are robots
whose appearance, behavior and attitude are the closest to the real
human being.

Robots can also assume other forms besides the anthropomorphic
ones [35,36,36]: Zoomorphic (a robot that takes the form of an animal),
Caricatured (a robot that takes the form of a representational object),
and Functional (a robot that takes the form of a functional object).

2.2. Service robots and Al supporting theories

Based on the technology acceptance model [38], Wirtz et al. [23]
generically define three dimensions with regard to customer acceptance
of frontline service robots: the functional dimension is linked to the ser-
vice robots’ perceived functionality, such as perceived ease-of-use,
perceived usefulness and their congruency with subjective social
norms; the socio-emotional dimension is affected by the perception of (a)
the humanness that robots transmit to others (human-like robots) which
is reflected in the robots’ level of anthropomorphism or in their
nonverbal social signs [39], (b) social interactivity, i.e., the robots’
human-like behavior that will improve human acceptance [40], (c) so-
cial presence, which refers to human-robot interaction (HRI) where
robots are perceived as social elements during the service encounter
[41]; finally, the relational dimension is associated to the feeling of
confidence, comfort and trust that robots convey to human beings [42,
43].

Wirtz et al. [23] also characterizes service robots by type of service in
terms of task-type and recipient of service; social-emotional and cogni-
tive complexity; and physical task functionality and service volume. The
type of task and recipient of service differs based on whether a service is
targeted at people or their belongings or whether these services are
tangible/intangible [19]. The socio-emotional and cognitive complexity
was studied by Huang and Rust [24] who defined four levels of intelli-
gence that will be defined below. Regarding the functionality of the
physical task and service volume, it is foreseeable that, in the near
future, employees will work side-by-side with robots, with the latter
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having to deal with heavy workloads or dangerous tasks, while humans
will be responsible for carrying out tasks of added value.

Finally, Wirtz et al. [23] investigates the impact of service robots at
three levels (Fig. 1): the micro level is concerned with the customer’s
experience of certain issues like privacy [44,45], security [46], dehu-
manization, depersonalization [19,23], and social deprivation [23]. It is
also related to the kind of training that employees need to be able to
deliver consistent services; the meso level focuses on the markets for a
specific service and on market prices fluctuations due to the falling cost
of using robots and their viability in the services industry’s processes
[28]; the macro level is related to social and employment issues [47], as
well as to inequalities within and between societies [23]. All of these
levels will be part of our analysis. While Wirtz et al. [23] have brilliantly
focused their research on the attributes, features and capabilities of
frontline service robots, Huang and Rust [27] have tried to develop
strategies and theories for the use of Al in services, often provided in
collaboration with service robots, which for us has proved to be a great
research opportunity.

A first conceptual framework offered by Huang and Rust’s work
pointed to technology as a primary force in the expansion of the service
economy [27]. Thus, they developed a technological innovation
framework which focused on automated technology, thinking technology,
and feeling technology [26]. Later, the same authors refined the afore-
mentioned structure, now based on four Als (mechanical, analytical,
intuitive and empathetic) to predict the extent to which Al will replace
human work [24].

Finally, Huang, Rust and Maksimovic [48] simplified the four Als
into three and established guidelines on how to use the different Al to
engage customers based on considerations about the nature of the ser-
vice task, service offering, service strategy and service process; and,
thus, AI develops from mechanics, thinking and feeling (Fig. 2).

Mechanical services should be performed mostly by mechanical Al
and used for standard and routine tasks. Thinking AI is expected to be
adopted for personalized interaction and when the service is rich in data.
Finally, Feeling AI should be used for relational services or when a high
degree of social and emotional contact with customers is at stake. In this
context, some steps have already been taken to develop social emotions.
For instance, the International Society of Research on Emotion [49] and
the Consortium of European Research on Emotion [50] have made sig-
nificant efforts at a multidisciplinary level on a global and European
scale. These groups were founded to promote the study of emotion
theory and stimulate scientific research in an area where there has been
a deep disregard for emotions [51]. In this regard, adding

Firms Micro Level

4
Employees
Meso Level
Customers

Macro Level

Fig. 1. Impact of service robots on key stakeholders (adapted from Wirtz
et al. [23]).
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socio-emotional capabilities to robots is one of the most profound ad-
vances in Al and a development whose contribution to the service sector
has been extremely valuable in recent years [30]. For these reasons,
social robots have been increasingly studied as they are a subset of
service robots and have the additional ability to interact and commu-
nicate with humans following rules and behavioral norms [52].

In short, what we are trying to show is that there is a broad consensus
in the literature that the first levels of Al, when combined with service
robots, are meant to perform any sort of mechanical tasks; on the other
hand, there is still a considerable debate about the efficient use of robots
and their combination with AI when it comes to provide emotional and
social services. When compared to the human being, service robots have
somewhat fell short to meet the expectations, as we will see later in the
discussion section.

3. Henn-na hotel characterization

After defining the most relevant terms and having discussed the main
theories, we present the section 3, which forms the empirical context of
the research, while it characterizes the Henn-na hotel before proceeding
to the analysis of our research unit. This section is suited to practitioners
or academics who want to know more about the architectural and
technological characteristics of fully a automated plant based on the
Henn-na case.

3.1. Service robots and Al features in innovative hotels: the case of Henn-
na hotel

A notable example of the use of service robots in the frontline in the
hospitality industry is the Henn-na Hotel, in Japan. The Henn-na hotel
opened in mid-2015 and is said to be the first fully automated robot-
staffed hotel, where customers have no contact with a human
employee throughout the whole service experience [1,53].

According to Osawa et al. [54] the Henn-na hotel is divided into five
areas (Fig. 3). In building A, in the reception area (c), we can find
receptionist robots, i.e. a female android and a zoomorphic robot
(dinosaur) that serve guests (Fig. 4). These robots perform actions by
reacting as the guests push a certain button, so Al technologies, such as
speech recognition, are not used at all.

A preliminary analysis shows that service robot’s visual appearance
seems to be a major factor influencing users’ perceptions. In general,
anthropomorphic robots are preferred in social settings [56]. Thus,
humans treat mechanoids less emphatically than they do with human-
oids [57]. However, Li et al. [58], when comparing anthropomorphic
and zoomorphic robots, did not find any evident preferences. In
contrast, humans have shown a less positive response to anthropomor-
phic agents working as frontline employees than they do to humans [59,
60]. One of our goals will be to analyze more closely the implications
that frontline robots had in service delivery at the Henn-na hotel.

At the entrance, area (b), a stationary robot arm (mechanical AI)
works to carry and store the luggage (a), and there are vending machines
in area (e) to sell some amenities [54,61]. Buildings A to C, area (f), are
the places for desktop and cleaning robots (d). The porter robot (f)
moves from the entrance building through the whole building A and its
function is to carry the guests’ bags to their rooms. Outside the rooms,
area (g), the access is granted using facial recognition and the registra-
tion is carried out at the reception hall (b) [54]. In-room robot com-
panion Tulie (e) operates on voice command and reacts to the guests’
requests through Al technology, i.e. speech recognition, to control the
television, lights, temperature, etc. [62].

In light of the above, it is quite evident that there are service robots,
like Tulie (Fig. 4), that use complementary technologies, such as Al. On
the other hand, some robots respond only to customer stimuli with
standardized responses, and are, therefore, more limited. It is reasonable
to assume that not all the frontline service robots are equipped with the
latest technologies, since creating a hotel requires a large investment
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Standardization

Mechanical Intelligence| Thinking Intelligence | Feeling Intelligence
Personalization

Relationalization

Fig. 2. Artificial intelligence engagement in services (adapted from Huang and Rust [27]).
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Fig. 3. Henn-na Hotel, 2020 Map (adapted from Osawa et al. [54], Henn-na
hotel website [55]).

Fig. 4. Frontline service robots and automated machines: a robot cloakroom; b
facial recognition; c front desk robot; d cleaning robot Roomba; e Robot agent
Tulie; f Porter robot (adapted from Osawa et al. [54], Uniq Hotels [61]).

that goes beyond technology. With this factor in mind, we will present
some considerations on Al, and the extent to which this complementary
technology can benefit hospitality service robots.

It is worth noticing that Computer Science is Al classical and natural
field and that only lately has it evolved to Business Economics and,
particularly, to the hospitality industry, so there is still a lot to learn
about its use in the latter context [19,63,64]. The latest advances in Al
have spurred the development of complex service robots that are
increasingly going from being standalone machines to becoming
network entities that collectively generate intelligence [11,19]. A good
example are room service robots which greet customers by their name
and ask them if they wish to add a service preference to their profile.

In addition, some of the most famed Al advances in the hospitality
industry are (Fig. 5): (a) the Hilton hotels’ humanoid concierge “Con-
nie”’ that was developed in collaboration with IBM [13]. While powered
by AL “Connie” is capable of providing on-the-spot answers to questions,
to suggest visit-worthy attractions, and to self-learn for improved per-
formance [1,61,69]. Connie’s brain is based on IBM’s flagship AI plat-
form Watson, and is supposed to work side-by-side with Hiltons’ human
frontline staff [70]. IBM Watson represents a first step into cognitive
systems and builds on the combination of several Al technologies, such
as natural language processing, deep learning and machine learning, by
helping to improve learning based on outcomes from each iteration and

Fig. 5. Robots enhanced by Al: a Humanoid Connie; b Tulie agent; ¢ Amazon
Echo; d Android Aiko Chihira (adapted from Osawa et al. [54], Savage [65],
Choi et al. [66], Amazon [67]).

1 Similar humanoids are also used at Mandarin Oriental Las Vegas “Peper”
[68].
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interaction [71,72]. The language processing of these humanoids is
mainly mechanical; thus, the automatic speech emotion recognition is
considered to be the Al next step to give them the capability of truly read
human emotions and react accordingly [27]; (b) in-room hotel com-
panions, such as “Tulie” from Henn-na hotel. This technology responds
to the guests’ requests via speech recognition, which allows devices to
recognize voice information while the software interprets what is said
and responds to customers’ requests [54,73]; (c) another form to use
Al-enabled technologies in the hospitality sector has been through the
use of virtual agents and/or chatbots. For instance, Amazon’s Echo is
used by the Clarion Hotel Amaranten in Stockholm and acts as a butler,
working through speech recognition and helping guests to request room
services, providing online information assistance, etc. [74,75]; Ewar-
dian Hotels also offer a chatbot service where the customer can request,
for instance, assistance in finding the best restaurants in the area and any
sort of tourist information [76]. Although not a part of the hospitality
context, “Aiko Chihira” android is worth noticing given its physical
characteristics. Aiko Chihira is an android developed by Toshiba Cor-
poration which offers 6-min guidance to customers [77]. The interaction
with customers is, however, very limited and for that reason its creators
from Toshiba and Osaka University have planned to incorporate speech
recognition and synthesis into the robot by 2020 [65]. Although more
limited, because there is no or very little sign of Al capacity, we have to
mention autonomous delivery robots, such as the self-navigate indoor
“Relay” and “Wally” that are used to carry items to hotel rooms of the
Holiday Inn Express hotels, Residence Inn by Marriott and Aloft [13], or
“Jeno” and “Jena” from Hotel Jen, Singapore [25];

Overall, when compared to humans, the empathic and communica-
tional skills of robots are still very limited, even with the incorporation
of Al technologies. These advances in the hospitality sector must be
viewed with caution, considering that they require a high level of
interaction, particularly in the frontline services; therefore, in line with
other academics, we also think that deeper empirical work is needed to
question the current efficacy of using Al together with service robots in
tourism [20].

4. Methodology

This article uses a systematic literature review methodology [78,79]
because we intended to provide the best evidence possible in order to
inform academics and professionals, while adopting a “replicable, sci-
entific and transparent process” [80]. We selected Scopus as our source
database due to its vast coverage of peer-reviewed articles [64] on
Al/Robotics when compared to similar databases (i.e. Web of Science,
B-On, EBSCO, ScienceDirect). As for the use of general-purpose search
engines, such as Google Scholar, as it is not restricted to peer-reviewed
articles, the Scopus option seemed more appropriate, as it increases the
quality of the research, giving a greater confidence to the reader. Two
independent searches using the keywords “robotics” and “artificial in-
telligence” carried out on March 6th’ 2020 revealed that Scopus had a
higher number of hits than Web of Science (12,050 vs 2135 hits). We
decided to stick to a single source database because our priority is
achieving a level of transparency that will allow for an easy reproduc-
tion of results [81]. For the purpose of this study, we conducted two
searches on March 6th’ 2020; the first used the keyword “service robots”

Table 1
Literature review.

Scopus database

Selected keywords “Service robots” “Henn-na”

Search Title-abstract-keywords 4402 All fields 29
Language English 4183 English 27
Source type Journals 1160

Document type Articles 1055

Years 2020-2017 370
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in the fields Title, Abstract and Keywords; the second used the keyword
“Henn-na” in All Search Fields (Table 1), including the
title-abstract-keywords.

In both searches, we selected only papers written in English to avoid
misinterpretation. If we had used different languages, it would naturally
have been more difficult to understand and interpret the results.

In the first search, we selected journal articles since articles published
in journals are typically more rigorous compared to, for example, con-
ference proceedings or book chapters. We have only selected recent
articles, i.e., published over the last three years and the first three
months of 2020, so as to cover the current state-of-the-art.

As can be seen in Fig. 6, since 2017 there has been a significant in-
crease in published articles. This was one of the reasons we chose these
dates. This increase has been largely due to the need to develop human
skills in robots, which is one of the aspects we will address in the dis-
cussion section. Fig. 6 also justifies the choice of our research topic since
the number of publications has been growing exponentially over the last
few decades and particularly over the last three years.

The second search was performed with the keyword “Henn-na” in all
search fields and the only filter used was the language: all the articles
had to be written in English. If we had applied too many filters, we
would have narrowed the results more than what would have been
desirable and, as a result, the information about the hotel would be
unduly restricted. In addition to the search record, we did not exclude
any article, as, to a greater or lesser extent, they were relevant to the
investigation; we did not include any more articles than those selected.
Therefore, our selection ended with a total of 397 peer-reviewed articles
published in scientific journals.

The next step was to perform data analysis. To carry out such
endeavor we used content analysis [82]. We started with reading all 397
selected articles so that we could become familiar with the most relevant
concepts and ideas. In a second phase, we encoded similar terms, and,
through their grouping, it was possible to identify categories and sub-
categories [83]. In a third phase, we ranked the categories and sub-
categories, identifying new patterns and relationships to reduce data
and making sense of all the information [84]. Finally, we went through
the entire categorization process until redundancies and contradictions
were eliminated [39]. Once all phases were completed, we were able to
get a holistic view of the pros and cons of using service robots in the
frontline of the Henn-na hotel. To assist in the above process, we used a
computer assisted qualitative data analysis software - NVivo 11 [85] -
which allowed us to encode a large amount of data [86,87] and to
identify patterns easily and promptly. In order to guarantee quality,
unbiased review and reliability, the second author carried out an inde-
pendent encoding process to make sure that the same results were
achieved. During the independent encoding, some differences were
identified and discussed until the authors reached a consensus. This
allowed the results to be refined and, consequently, more solid and

Documents by year

150

100

Documents

0
1987 1990 1993 1996 1959 2002 2005 2008 2011 2014 2017 2020
Year

Fig. 6. Journal articles published by year (retrieved from Scopus database).
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reliable evidence was found. The entire process was ultimately reviewed
by the other authors. As we encoded 397 references, we followed the
decision of many other authors who conducted systematic reviews and
decided not to list all the references [64,88,89], and, therefore, save
space with more useful information. A copy with the entire encoding
process and a list of all manuscripts retrieved from Scopus can be pro-
vided upon request to the corresponding author.

5. Findings and discussion

In this section, we explore the pros and cons of the service robots at
the Henn-na hotel, compared to frontline services workers. Next, we will
combine the Al resources to understand the extent to which their exis-
tence influences human work. This section is based on the content
analysis of the articles selected from the systematic literature review
(Table 1), which is focused on the theme and on peer-reviewed journal
articles, in contrast to the conceptual background (section 2) that fo-
cuses on fundamental definitions and theories.

5.1. Service robots: perspectives in the hospitality industry

Although relevant investigations have been carried out on the effect
of service robots on guest rating [90], there are still no studies focusing
on fully automated hospitality services. We believe that the absence of
guest rating studies is probably due to the novelty of frontline automated
services. In this regard, case studies like Henn-na hotel are stimulating
the interest of both practitioners and academics and, thus, research on
fully automated hospitality services is likely to increase.

Chan and Tung [90] found out that robotic services provided higher
levels of sensorial (i.e. customers’ visual impression) and intellectual (i.
e. customer curiosity and problem-solving) experiences, but lower levels
of affective experience than humans. The fact is that current technology
has not yet reached the desired level of service delivery, but there is no
evidence that an improved technology can’t replace the emotional side
of workers.

As we are experiencing an era in which the technological capacity to
provide fully automated frontline services is increasing in the field of
hospitality [91], it is predictable that service robots are likely to become
gradually more social and, thus, will be able to overcome, or at least
mitigate, the limitation identified by Chan and Tung [90].

Thus, to the best of our knowledge no study has yet focused on the
performance of frontline robots through the lens of the main dimensions
of services [23], or through the levels of intelligence associated with the
execution of frontline tasks [27]. As such, our research tries to combine
service dimensions and Al levels to leverage robots’ capabilities and this
can be relevant to provide useful guidance for hotel managers who are
looking to improve their guest ratings.

It is evident that hospitality involves many different types of social
robots and, therefore, there has been a widespread discussion within the
academic community. In that regard, we identified three generic view-
points: for instance, 1) Nakanishi et al. [53,92] carried out a research to
investigate whether humanoid robots can engage in heartwarming in-
teractions with hotel customers. Their results indicate that social robots
enhance customer satisfaction with the whole service; 2) other authors
are less enthusiastic about the use of social robots in empathetic in-
teractions. An example is Osawa et al. [54], who does not exclude this
possibility, arguing that “although human emotional labor seems diffi-
cult to simply replace with robot technologies, there is a possibility that
human emotional labor can be replaced in a very complicated way” (p.
223); 3) the most skeptical positions refer that the technological gains of
service robots to perform complex socio-emotional tasks are still a vision
[19].

As Chan and Tung [90] state “among all levels of hotels, robotic
service decreased affective experience. A possible reason for this result is
the limitations of current robotic technology as service robots cannot
imitate humans to the same extent in terms of emotions” (p. 466). In
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summary, as the technological capacity of robots progresses, their
socio-emotional and intelligent capabilities also improve and, in that
regard, it is natural that researchers have focused on the results of
empathetic dimensions of HRI. Concomitantly, the number of in-
vestigations has grown (Fig. 6) in order to understand human reactions
to robots, but these studies have focused on the perspective of the
customer and not on the employee side, as mentioned by Ivanov et al.
[93].

The Henn-na hotel, as we noted earlier, has incorporated some ro-
botic elements into its operations [94] like robot receptionists who
assumed anthropomorphic or zoomorphic characteristics [95]. Never-
theless, Henn-na ended up removing up to half of its robotic staff, since
these robots were not advanced enough to carry out the social activities
they were meant to. Understandably, this situation caused frustration
among some of the hotel customers [96]. Overall, many guests at
Henn-na hotels experienced disruptions because they were unable to
communicate with robots due to language barriers, while another
Henn-na guest felt that the technology “did not yet exist” because they
could not help customers when they needed assistance [19,97]. There-
fore, Henn-na returned to traditional human-provided services by
combining them with android receptionists — human-robot collaboration
(HRQ). As a rule, guests start their journey with the help of a human
receptionist and then head for an automated kiosk where robots greet
and assist them in the check-in process. This HRC is the reason why 7
employees are able to manage a 98-room hotel when a conventional
hotel of a similar scale needs at least 30 employees to function properly
[981.

Although Henn-na has dismissed part of its robotic workforce, the
use of service robots should not be abandoned, but rather rethought;
compared to conventional hotels, they have reduced operational costs
and, according to media reports, some customers have stayed an extra
night in the hotel in order to experience the hotel robots [99].

Table 2 presents a summary of section 5.1. Therefore, it is evident
that the current literature still identifies service robots as capable of
providing high sensorial and intellectual experiences, but having low
levels of affective experience. To mitigate the mentioned limitation,
most authors recommend the use of alternatives, such as the use of
service robots, while these operate in collaboration with humans (HRC),
or the use of social robots, which are better prepared to participate in
heartwarming interactions, despite the fact that the latter option is not
yet consensual in the literature.

Before moving on to the next section, we need to make a clear
distinction between HRC and HRI. According to Galin and Meshcher-
yakov [100], the human-robot interaction (HRI) can be seen from two
different perspectives: the first shows the interaction in a shared work-
space without direct human-robot contact; the second sees it as a joint
process of performing tasks, taking into account adjusted robot move-
ments in accordance to human labor. So far, the design and development
of robotic agents (HRI) to be implemented in the real world requires an
appropriate robot architecture that will have to go beyond the efficiency
achieved in the laboratory [101,102] Regarding the HRC, Galin and
Meshcheryakov [100] refer to human-robot collaboration as a

Table 2
Service robots in the hospitality industry.

Resume of relevant categories Main authors

Service robots provide high levels of sensorial and
intellectual experiences, and low levels of
affective experience

Social robots are still identified as having limited
ability to interact with customers, most
recommendations are for using robots in
collaboration with humans

Social robots are becoming more empathetic and
capable of engaging in heartwarming interactions
[not consensual]

Chan and Tung [90]

Tung and Au [97]; Kikuchi
[98]; Zhang et al. [99]

Osawa et al. [54]; Nakanishi
et al. [53,92]
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complement that does not replace human professionals. A clear example
of such collaboration is, for instance, like having a doctor receiving Al
advice to assist in decision making, instead of having a robot doctor
performing the operation. Therefore, humans and robots (collaborative
robots — cobots) work together to achieve the same objective, but they
are not integrated in the same workload.

5.2. Human-robot collaboration: service robots vs humans in the frontline

The focus in this section is on frontline robots and their relationship
with humans. In this context, emphasis is placed on collaboration, rather
than interaction. Service robots have evolved in several domains, from
one-function automatons to intelligent systems of versatile resources
and are sharing the same space and tasks with human beings [103]. In
that regard, the service industry has been at the forefront of adapting
new technologies to improve consumer experience, particularly in
hospitality where an infusion of Al technologies has made relevant
contributions [13]. Ivanov et al. [1], for instance, have made remarkable
efforts to strengthen the role of robotics in tourism and hospitality, and
claim that robotics and Al can become a reliable alternative to human
employees. However, they also advice that not all services can and
should be automated since “at the end of the day it is the economic ef-
ficiency, the customer experience, the company’s competitiveness and
other factors that will determine whether to automate and robotize the
service delivery process” (p. 1512). Perhaps this is what happened with
the Henn-na hotel when it was forced to replace part of the robotic force
of the frontline services with human employees who are currently
working in a HRC environment. In this sense, frontline tasks, such as
receiving customers who require empathic interactions or helping a
guest solving a problem caused by a service provided are to be per-
formed primarily by human receptionists as they require a strong
empathic relationship that can’t be provided by androids. The activities
of frontline robots started to be performed in collaboration with human
receptionists; this collaboration is probably due to the lack of investment
in Al that could make these androids capable of interpreting, processing
and responding to customer needs. This difficulty is due above all to the
initial investment needed to create the hotel, a process which goes well
beyond technology. However, if Henn-na hotel wants to remain at the
forefront, it will have to make continuous customer-centric investments,
not only because of the short cycles of technological innovation, but also
because the customers who come to these hotels on a regular basis are
increasingly demanding in terms of interaction with the latest technol-
ogies [91,104].

It is likely that the Henn-na hotel will have to abandon the HRC
approach in the future and move towards a new stage in which greater
focus will be placed on social robots enhanced with advanced artificial
and emotional intelligence technologies.

Currently, and despite all the progress made in the use of Al in
hospitality services, we can’t be sure we have already reached the
desired stage, since the advances in the field of social robots [13] seem
quite incomplete so far. From the literature review carried out, we were
able to find some empirical developments on the application of
Al-enabled technologies for service delivery, which gave us several
perspectives on its applicability. Some authors have surveyed radiolo-
gists who expressed their dissatisfaction with Al technology because, in
their opinion, it provided inaccurate reports compared to traditional
services [105,106]. On the other hand, practitioners, mentioned in the
McKinsey Global Institute Report [107], argued just the opposite, and
Gartner et al. [108] stated that AI methods and programming-based
resources increased the hospital’s contributions margin. So, bearing in
mind that Al can improve service robots’ capabilities in the healthcare
sector, what should we expect from their implementation in the hospi-
tality sector?

According to Wirtz et al. [23] whose work was useful to map the
needs and expectations of customers when it comes to the capabilities of
robots, it is quite clear that in hospitality there are tasks of low
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analytical-cognitive complexity and others of high emotional
complexity. For that reason, and due to the evident limitations presented
by social robots previously addressed in this article (e.g. Peper, Connie),
frontline roles and duties will have to be primarily delivered by humans
or be carried out in collaboration and not assigned to fully automated
environments. This is entirely understandable since a preponderant part
of the hospitality sector generates empathic emotions that are relevant
to the customers’ satisfaction and service loyalty. On the other hand,
service robots that have been used in mechanical and standardized op-
erations that do not require a high level of interpersonal demand have
apparently been successful in Henn-na where there are few reports of
their ineffectiveness.

In light of the above, there are complex issues, such as complaint
mediation procedures for instance, that require skills only human em-
ployees possess, or that can ultimately be carried out by highly collab-
orative human-robot teams. Reis et al. [109] argue that companies are
adopting strategies that involve the use of frontline employees to solve
complex service failures because human employees are much more
reliable to carry out service recovery activities. In some cases, these
employees may complement their activities with the support of offline
technologies. Tung and Law [37] went further as they uncover new
opportunities, such as “human operators to be telepresent on screen
from co-present robots” [37, p. 17]. This seems a reliable alternative
when dealing with complex services that exceed the capabilities of
frontline employees. At the end of the line, advances in robotics and Al
technologies can create extensive opportunities for the use of automa-
tion in the hospitality segment, in this field professionals can aid in
identifying tasks that can be replaced by machines, however more
empirical research is needed in this regard [37,93]. This is in clear
contrast to the situation of the Henn-na hotel that was unable to perform
empathic tasks using anthropomorphic robots. This attempt caused
negative reactions and led to negative experiences among guests who
considered that robots were nothing but “a gimmick” or a “marketing
stunt”.

In fact, what happens is that interactions with fully automated robots
in the frontline hospitality services are usually considered insufficient,
as they do not have the AI capabilities to mimic human-oriented per-
ceptions and dimensions and, therefore, their action is more than often
carried out with high levels of impersonality and that is why “these
services, in general, will by and large continue to be delivered by peo-
ple” [23, p. 919].

As Table 3 summarizes section 5.2, it shows that Al technologies are
starting to play a significant role in adding new competencies to service
robots, but at their current stage of development, it makes more sense to
adopt HRC systems.

5.3. Towards the implementation of social robots: challenges and
implications

In this section, the goal is to discuss the hospitality services of the
Henn-na hotel in the light of the impact of service robots at three levels

Table 3
Service robots and human interactions in the frontline.

Resume of relevant categories Main authors

In the frontline services, the emphasis is placed on Ivanov et al. [1,91]
collaboration, rather than interaction

Interactions with fully automated robots in the
frontline hospitality services are still
insufficient

Developments in the field of Al-enabled
technologies for service delivery have brought
new opportunities in the field of hospitality

Until robots are not enabled with advanced Al
technologies, the hospitality services will
continue to be collaborative (HRC)

Tung and Law [37]; Ivanov
et al. [93]

Ivanov et al. [1]; Murphy et al.
[11]; Tussyadiah [62]

Wirtz et al. [23]
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(micro, meso and macro), as well as the types of intelligence (mechan-
ical, thinking and feeling), as seen in Table 4.
As mentioned earlier, we will consider the following:

e Human employees in frontline services show a high degree of
personalization and heterogeneous emotional relationship. Thus, we
consider that frontline services are highly cognitive and socio-
emotional, so the use of HRC systems is highly recommended;

e Services of high consistency and analytical-cognitive complexity
must be performed by service robots.

Table 4 shows that Henn-na hotel employees are better prepared to
deliver services than service robots (5 positive items against 3). This
preliminary analysis shows why frontline robots were replaced by HRC
systems [111]. From the point of view of micro, meso and macro levels,
we present the following discussion.

Micro level: the first point presents the Henn-na hotel employees’
profile. They are capable of engaging in out of the box thinking and of
properly responding to the customers’ specific needs. On the other hand,
when service robots are used to perform feeling intelligence activities,
the ability to respond to customers’ needs is poor. In this context, the use
of social robots is essential, because they are able to learn through
interaction with customers and respond appropriately.

On the other hand, the use of employees requires continuous training
and education, while service robots only need to be (re)programmed.
Social robots have high capability to learn and adapt to new situations.
One key issue has to do with emotions, and in this particular aspect
human employees are much better than robots, despite all the significant
improvements made to social robots and that may bring them closer to
humans in a not too distant future.

Nevertheless, customers view employees as resources that are able to
deliver customized services, while service robots have the ability to
provide consistent and high quality services. From the point of view of
thinking intelligence, it is likely that social robots, through relational
experience with their “fellow” human employees (in HRC), will gain
greater work capacity and will thus be able to adapt their behaviours to
the customers’ needs. These robots’ ability to learn, both from customers
and employees, is critical to reduce customer frustration and disap-
pointment, especially if guests have to face the same challenge multiple
times. For this reason, the development of new technologies related to
receptionist robots, such as social interactive robots (SIR) that are
equipped with social features and social assistive robots (SAR) that are
able to collaborate and provide assistance to humans in social in-
teractions with customers, is of the utmost importance. Under these
circumstances, robots have almost reach human-like operating capacity
as they are able to engage in deep acting activities (i.e. feeling
intelligence).

Meso level: If, on the one hand, service robots that don’t rely on Al
technologies are unlikely to become a key source of competitive
advantage, at least in the medium and long term [23], on the other hand,
for hotels that operate in innovative and extremely competitive markets,
social robots can become a very important asset. Although they may
represent a heavy investment at an early stage, humans are still the best
alternative to the previous option since they are capable of providing a
strong competitive advantage. Future opportunities for social robots lie,
for instance, with monitoring and assistance services for the elderly and
with the collection of knowledge about feeling intelligence, which will
eventually be transferred to hospitality services. Henn-na hotel has a
good advantage since it was the first to automate its processes and to
receive feedback from customers on its robotic technologies. This early
choice places the hotel in a privileged position, as long as it keeps
innovating.

Macro level: According to Olszewska et al. [119], the efficiency of
human activities is measured by the time required to carry them out and
their relevance to customers. Although hospitality work is seasonal
[120], robots are seen as a reliable solution to help hotels handle peak
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demand [28]. In addition to this aspect, the time for tasks to be per-
formed by a robot is shorter and cheaper [119] and, for this reason, one
of the greatest social concerns has to do with the risk of human unem-
ployment caused by robots [13,121] and/or AI [24]. Other relevant
social concerns are related to privacy [11,113], data protection [122] or
ethical issues [119], which can hinder the implementation of social
robots. For example, when robots are used 24 h a day, 7 days a week, in
an environment for many weeks, they acquire a significant amount of
data from users during social interaction, a situation that is difficult or
almost impossible to avoid [122]. Aspects related to such concern may
be a target for future research.

6. Concluding remarks

This section aims to provide a comprehensive view of the outcomes.
It places special focus on theory and practice, research limitations and
prospects for further research. The latter is meant to encourage re-
searchers to follow up on social robotics research.

6.1. Implications for theory and practice

More and more hotels are trying to include robots in their frontline
services, but only a few have managed to do so. What we know so far is
that the literature on the topic presents several perspectives and, if some
authors suggest that humanoid robots can engage in heartwarming in-
teractions with hotel customers [53,92], others are slightly more skep-
tical and claim that the technological gains from service robots that are
expected to perform tasks that involve complex socio-emotional in-
teractions are still a vision. Therefore, despite all academic efforts, there
is still no consensus in the literature on the widespread use of social
robots in the hospitality industry, at least at this stage of their techno-
logical development. Even though hospitality does involve many
different types of social robots, the academic community seems to be
more interested in addressing a specific kind of interaction, rather than
focusing on more general applications.

Anyway, in our understanding, managers should be cautious when
evaluating how to integrate robots in frontline services, mainly because,
in the context of the hotel frontline, the activities carried out essentially
require the use of empathic intelligence and are, therefore, much more
difficult to be delivered by machines. However, there are opportunities
that can still be explored in the hospitality sector. One of the elementary
characteristics of hospitality services is co-production [97] and, in this
context, Henn-na hotel was the first to automate its entire service pro-
cess and to receive the first feedback from customers on its HRC which
places the hotel in a privileged position, assuming that they continue to
innovate. This is also an opportunity for other hotels that might be
interested in investing in robotic services as they can focus on the fail-
ures or the successes of the Henn-na hotel and learn the best way to
implement such service. Thus, organizations will have to decide if
technological advances are enough to enable Al to completely replace
human labor with socially integrative robots capable of performing
necessary emotional tasks or if they should invest in balanced systems (i.
e. HRC). This research also provides a contribution to theory, as the
technologies used by the first fully automated hotel (Henn-na) were
upgraded and are now more efficient. Data analysis has contributed to
expose the presence of several social robot types, i.e. interactive or as-
sistive robots, and helped clarify the use of robotized technologies in the
hospitality frontline service delivery. Bearing all this in mind, Henn-na
has chosen to use a HRC which is apparently still functioning. Based
on the analysis of the existing literature, the use of HRC systems re-
inforces the fact that robots are not used to replace entire jobs, but
human tasks. This key finding helps to demystify the social fear asso-
ciated with the theory of job replacement and, although it was previ-
ously identified by Osawa et al. [54], it seems to be gaining more
strength in the academic community.
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Table 4
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The path to effective social robots: impact levels (micro, meso and macro) and types of intelligence (mechanical, thinking and feeling) [Adapted from Murphy et al.
[11], Huang and Rust [27], Rosete et al. [19]).

Impact Service Service Henn-na Social Robots Types of Results
Levels Employees Robots Hotel Human-centered | Frontline Intelligence
Rear services
services
Micro Employees  + - Reduced customer Application of human- Feeling It is crucial that robots have
Looking for Little ability to relationship [94] human interaction principles intelligence human-like social interaction
creative and think outside to human-machine skills and learn from them [117,
practical the box interactions, the personality 118]
solutions is an important aspect of
design [11] in order to
improve customer and robots
relationship
- + Education is provided so We have not identified any Mechanical
Need training Upgradable and that any employee can evidence of technologies that  intelligence
system-wide handle such work [54, p. upgrade the social robots.
242] We are convinced that these
technologies are related to e.
g. deep learning
technologies.
+ - The employees feel the Greater capacity for Feeling There have been significant
Identify the Pattern client emotions, while socialization, because social intelligence advances in the development of
customer recognition service robots do not [54] robots were firstly designed robots that identify human
emotions and to enter in our lives as emotions and respond in
respond companions and assistants accordance with what would be
accordingly for the elderly [1,113] expected in a human being
Customer + + The Japanese considers Researchers have already Thinking Due to experience, robots are
Have the ability  If cleaning guest rooms as a designed human-conscious intelligence likely to acquire the ability to
to customize programmable, human work, while robots deliberative architectures for learn and respond to new
services they can deliver  cleans common facilities social robots for decision- customer stimuli. In this sense,
services at scale,  such as corridors [54, p. making and planning in HRC is expected to have
with consistent 241] collaborative tasks, where contexts of proximity to the
quality and humans work together in the customer in support or rear
performance same space with robots to services
accomplish a shared task
[114]
+ - Robots have low or limited Some robotic receptionists Feeling Social robots, such as SIR and
Can engage in Superficial communication capacity, can be seen as: Socially intelligence SAR are expected to be an
deep acting interaction this is currently Interactive Robots (SIR) important source of
complemented by human equipped with social competitiveness and are
receptionists [54,97,110] interaction skills as main expected to have capabilities
features, or as Socially close to humans in a near future
Assistive Robots (SAR), since
they aim to provide
assistance to human users
through social interactions
[5]
Meso Markets + - Henn-na is now using a HRC  Social robots are now Feeling
Are seen as a Unlikely tobea  system that currently works appearing in the real world intelligence
competitive source of with fewer limitations thana  and we are seeing a growing
advantage competitive full automated system [111]  market in service industry for
advantage robots which interact with
customers [115]
Macro  Society - + In some western countries The recognition of a Mechanical As in the manufacturing
Often do low- Suitable for cleaning activities are community’s social needs is intelligence industry, robots are likely to
value tasks unattractiveand  considered a routine and important for companies and increasingly contribute to
mundane unattractive job this meaning also extends to freeing humans to perform
services social robotics [116] value-added tasks; however, if
this evolution is very marked, it
is likely to create more pressure
on human unemployment
- + The time spent by robots is Mechanical In addition to the financial
Service delivery Services at less expensive [54, p. 242] intelligence matters, there are also other
is more reduced prices and in some cases, robots concerns related to robotic and
expensive and highly can be useful in reducing the automated systems, such as the
standardized lower added-value human privacy and ethical issues,

workload [112]

Employees: + 5 items & — 3 items | Robots: + 4 items & — 4 items

which are very relevant in our
opinion; therefore, there is an
urgent need to develop new
ontological patterns [119]

Robots will have a positive outcome in all levels
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6.2. Limitations

This systematic literature review has some limitations, firstly due to
its nature and, secondly, due to the options taken during the course of
the research. Regarding its nature, the Scopus database is constantly
being updated and, therefore, this article is based on literature from a
specific time interval i.e. from 2017 until the first quarter of 2020;
moreover, for quality reasons our sample focused on scientific articles
but we came to realize that some quality manuscripts (e.g. books) may
have eventually been left behind. Concerning the research options,
while the keywords choice influences the result, we believe that this
review has its value since it synthesizes a vast set of articles and provides
a holistic view of the phenomenon under study. Still, in relation to the
keywords, we selected “service robots” instead of for example “social
robots”, as our intention was to take small steps, one at a time, towards
more contemporary concepts. To the best of our knowledge, this is the
first systematic review on service robots in the frontline of fully auto-
mated hotels, so it would be more cautious to move towards the service
robots’ concept instead of focusing on a more specific subset. To miti-
gate the need for deeper knowledge on social robots, we have referred
the need for further research in order to conduct more in-depth studies
on this topic.

6.3. Guidelines for future research

While notable theoretical studies have been developed in hospitality
and tourism applications and automation [123,124], it is now advisable
to prepare the basis for empirical studies, such as, for example, a
guest-rating analysis. In particular, by keeping on following the evolu-
tion of Henn-na hotel and its customers’ feedback to better comprehend
and improve autonomous service delivery according to customers’
needs and expectations. On the other hand, it might be better to move
forward with empirical studies on social robots, instead of focusing
almost exclusively on service robots, given that social robots will
probably represent the next evolutionary step for frontline services. We
also believe that studies on social robots in frontline services are
necessary to find appropriate, manageable and replicable solutions for
hotel services, particularly in a context where complex cognitive and
emotional tasks are required.
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