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Abstract

This paper investigates tourists’ preferences toward the humans-robots ratio in the
service delivery systems of tourism and hospitality companies and the factors that
shape them. The sample includes 1537 respondents from nearly 100 countries. The
findings show that a higher preferred share of robots is positively associated with
the perceived emotional skills of robots, their perceived usefulness in the tourism/
hospitality context, perceived robotic service expectations, attitudes towards robots
in general, and the male gender. On the other side, it is negatively associated with
the perceived disadvantages of robots compared to human servers and the household
size of respondents.
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1 Introduction
1.1 Rationale

In March 2015, the first robotised hotel (Henn na hotel in Nagasaki, Japan) was
opened. It epitomised a revolution in the hospitality industry because it was
equipped with 243 robots that provided service to customers (Hertzfeld 2019).
Henn na hotel introduced a robotic service delivery system (Seyitoglu and Ivanov
2020), in which robots implemented all front-of-house and the majority of back-
of-house activities in the hotel. Other hospitality companies in the world were
more conservative, introducing much fewer robots in their operations (e.g., one
room service delivery robot in some hotels or a few robotic waiters in some res-
taurants). These companies relied on their human staff, using robots in a support-
ing role in their service delivery systems. In January 2019, the managers of Henn
na hotel announced they turned off nearly half of the robots because they alleg-
edly made the work of employees harder, rather than easier and due to the large
number of complaints from customers and employees (Hertzfeld 2019).

The case of Henn na hotel raises the question: How much automation in tour-
ism and hospitality is too much automation? This is a very broad question that
cannot be answered in a single article because it needs to be addressed from the
viewpoints of the various stakeholders of tourism and hospitality companies
(tourists, employees, managers, owners, suppliers, intermediaries, local resi-
dents, etc.), consider the wide scope of automation technologies (robots, chatbots,
kiosks, virtual/augmented/mixed reality, etc.), tourism and hospitality service set-
tings (hotel, restaurant, bar, airport, etc.), and the breadth and diversity of front-
of-house and back-of-house tasks that have the potential to be automated. This
paper tries to partially answer the above question by looking at the perspective
of the tourists regarding the use of robots in the front-of-house tasks in different
tourism and hospitality contexts. More specifically, it looks at tourists’ prefer-
ences towards the humans-robots mix in the service delivery systems of tourism
and hospitality companies and the factors that form them.

The robot first came to prominence in science fiction, being invented as a word
and concept in 1920 (NPR 2011); it came to supplant a great deal of labour after
World War Two in industry and, in recent years, has been increasingly utilised
in the service sector (Wirtz et al. 2018) and more recently in tourism and hospi-
tality (Seyitoglu and Ivanov 2020; Ivanov and Webster 2020; Kwak et al. 2021;
Belanche et al. 2021a; Abou-Shouk et al. 2021). The demographic, environmen-
tal, and technological realities have worked in ways to encourage the greater use
of robots in services. Even before the COVID-19 pandemic, the shrinking of the
available labour force in developed countries has worked in ways to encourage
employers to replace their workforce with automation (Webster 2021), including
in tourism and hospitality (Webster and Ivanov 2020). The pandemic created an
environment conducive to using technology to avoid humans touching and infect-
ing each other (Seyitoglu and Ivanov 2021). However, the current consumer has
some concerns about using service robots since robophobes and robophiles have
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opposing perceptions of robots (Webster and Ivanov 2021a). Hence, there is a
confluence of forces that influence the incorporation of robots into the service
environment, some working in ways to encourage the increased use of robots and
some working in ways to oppose the increasing use of robots in the labour force.
While there is a great deal of evidence that tourism and hospitality companies
are increasingly using automation technology to improve service, cut costs, and
enhance the customer experience (Belanche et al. 2021a; Seyitoglu et al. 2021),
the service environment is unlikely to be fully automated by robots soon. Com-
panies will likely use a mix of robots and human employees that will collaborate
in the service delivery process. Some companies will rely on more robots while
others—will rely on more human employees. This paper is the first one focusing
on the tourists’ perceptions about this humans-robots mix in the labour force of
tourism and hospitality companies and the factors that shape them.

The topic is important because the use of robots in the service delivery sys-
tems of tourism and hospitality companies influences the perceived service qual-
ity (Chiang and Trimi 2020) and tourists’ experience (Tuomi et al. 2021). Thus,
knowing tourists’ preferences towards the humans-robots ratio would allow com-
panies to use the optimal number of robots in their service delivery systems and
avoid the ‘too much automation’ phenomenon experienced at the Henn na hotel
and mentioned earlier. This is especially important in hospitality, where the inti-
mate and interactive relationship between service providers and consumers (Kan-
dampully and Duddy 2001) and the politeness and empathy in the service deliv-
ery process (Markovi¢ et al. 2013) are vital for the tourists’ experience. Moreover,
knowing which factors shape tourists’ preferences toward the humans-robots mix
and what clusters of customers exist based on these preferences would allow tour-
ism and hospitality companies to design the appropriate service delivery system
for their target market and to develop appropriate strategies to communicate it to
their customers.

1.2 Aim and objectives

The purpose of this paper is to evaluate tourists’ preferences toward the humans-
robots mix (ratio) in the service delivery systems of tourism and hospitality com-
panies. Specifically, it aims to: (a) assess tourists’ preferences towards the share
of robots and human employees in the delivery of different tourism and hospital-
ity services; (b) evaluate the role of various factors on the tourists’ preferences,
and (c) identify the existence of diverse groups of tourists based on their prefer-
ences towards the humans-robots ratio in the service delivery systems of tourism
and hospitality companies.

The rest of the paper is organised as follows. The following section provides a
focused literature review and develops the hypotheses. Section 3 presents the meth-
odology. Section 4 elaborates on the results, while Sect. 5 summarises the paper’s
contribution, discusses the theoretical and managerial implications, addresses the
limitations, formulates directions for future research, and concludes the article.
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2 Literature review
2.1 Service delivery systems of tourism and hospitality companies

The service delivery system is based on companies’ service design and shapes
the service experiences and organisational structures (Avlonitis and Hsuan 2017).
It includes organisational structure, consumers, processes, physical environ-
ment, technologies, human resources, and tasks (Paulisic et al. 2016). As one
of the dimensions of the service strategy, the service delivery system is associ-
ated chiefly with how firms deliver their products or services to their customers
(Ponsignon et al. 2011). The service delivery system comprises strategic design
choices such as structural, infrastructural, and integration (Roth and Menor
2003). The structural choices refer to (i) physical elements: the used technologies
and equipment, capacity management, facilities, etc., and (ii) the interfaces of
service process: back-of-house operations, front-of-house operations, face-to-face
or technology-mediated interactions. The infrastructural choices are related to the
role of human resources in the service delivery system. Finally, the integration
choices include internal integration between structural and infrastructural choices
and external integration with the suppliers and the customers (Roth and Menor
2003). Therefore, it is evident that service delivery system design indicates ser-
vicescape (Bitner 1992), which is based on environmental psychology and is
mainly associated with the relationship between human behaviour and physical
environments (Lyu et al. 2017). Since the service delivery system plays a crucial
role in shaping servicescape, a vast number of factors (e.g., technology, facilities,
equipment, layout, the role of people, and service processes) should be consid-
ered in designing a service delivery system (Ponsignon et al. 2011). However, the
role of each factor may vary as each service industry has different characteristics.

Since the tourism and hospitality industry is mainly related to the interaction
between customers and service providers (Kandampully and Duddy 2001), ser-
vice delivery systems rely on human service employees. Hence, the appearance,
emotional intelligence, empathy, and efficiency of the service employees are cru-
cial determinants of service quality, customer perceptions, and service experience
(Seyitoglu and Ivanov 2021). Furthermore, the positive host-tourist interaction
in tourism leads to positive social interaction, intercultural attitude, development
of friendships, and connectedness (Yilmaz and Tasci 2015). However, the recent
technological development and the intervention of automation have influenced the
service delivery systems of tourism and hospitality companies, and these influ-
ences may harm or make changes in the nature of tourists’ experiences (Seyitoglu
and Ivanov 2021).

Considering service operations, using technological tools in tourism and hos-
pitality service delivery systems may modify the characteristics of the companies’
systems in terms of the costs, flexibility, capacity (Seyitoglu and Ivanov 2020),
the interactions between employees, tourists and the company (Koerten and
Abbink 2022), etc. The interventions of technology may have both advantages
and disadvantages for the companies. For example, service robots can provide
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novel and memorable experiences (Seyitoglu and Ivanov 2022). Also, technology
may increase the productivity and capacity of tourism and hospitality companies
which may decrease costs and increase profits (Ivanov and Webster 2018). Espe-
cially during the pandemic, with the help of service robots, technology played a
hygienic and protective role as physical contact between service providers and
customers was eliminated (Lee and Lee 2020; Seyitoglu and Ivanov 2021).

Service robots differ from other technological tools because they are face-to-face
frontline agents interacting directly with customers, making technology a direct
player instead of its link role such as software or computer in the service provi-
sion. Furthermore, robot-human and human-human interactions differ because
there will be no or limited social and emotional intelligence in human-robot inter-
actions (Belanche et al. 2020a). However, with the help of technological develop-
ments, robots’ social and emotional intelligence could be developed, and although
it would not still be a natural interaction between the human and the robot, more
realistic interactions could be provided through service robots in the future. There-
fore, the service delivery systems can be affected and re-structured in the tourism
and hospitality services. However, the use of technology may reduce the flexibil-
ity of the service system and cause service failures and frustrations (Dabholkar and
Spaid 2012). In addition, the high level of technology use may prevent interactions
between tourists and employees in the tourism and hospitality service delivery sys-
tems (Seyitoglu and Ivanov 2020).

The preceding discussion shows that the degree of technological intervention in
tourism and hospitality service delivery systems is a critical subject that needs to be
managed by tourism and hospitality companies. Therefore, several factors such as
customer profile, expectations, the suitability of tasks to implementation by tech-
nology, the resources of companies (e.g., financial, physical), and the availability
of automation technology should be considered while deciding the degree of using
technology in service delivery systems in tourism and hospitality context (Seyitoglu
2021).

2.2 Robots in the service delivery system of tourism and hospitality companies

Service robots have been increasingly utilised in various service delivery systems
of industries, including tourism and hospitality. Service robots can make autono-
mous decisions in delivering services thanks to the use of data received by multiple
sensors (Lu et al. 2019). Tourism and hospitality companies have adopted service
robots to their service delivery systems to improve service quality, decrease costs,
and provide new experiences to consumers (Belanche et al. 2021a; Seyitoglu et al.
2021). In addition, the Covid-19 pandemic has accelerated this process since service
robots enable contactless and safe services (Seyitoglu et al. 2021).

On the one hand, service robots can be suitable for various tasks such as clean-
ing, washing dishes, lifting heavy items, provision of information, gardening ser-
vices, hosting (host/hostess), processing card payments, issuing payment docu-
ments, busser/commis waiter tasks, supporting staff at the reception during group
arrivals, distribution of promotional materials, Mise en place: the setup tasks before
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cooking for the tourism and hospitality companies (Ivanov et al. 2020; Tuomi et al.
2021; Seyitoglu et al. 2021). On the other hand, they may not be appropriate for
tasks requiring social and communication skills, such as implementing guests’ spe-
cial requests or handling complaints. Robots may not be suitable for jobs that require
management skills and for more complex tasks such as cooking that require tacit
knowledge and understanding of guests’ emotions (Ivanov et al. 2020; Seyitoglu
et al. 2021; Belanche et al. 2021b).

Adopting service robots in tourism and hospitality companies is a significant sub-
ject. The managerial choice of the humans-robots mix in the service delivery sys-
tem of tourism and hospitality companies is an especially critical issue. Regarding
the humans-robots balance in service delivery systems, for example, Seyitoglu and
Ivanov (2020) defined three service delivery systems (robotic, human-based, and
mixed) and analysed their advantages, disadvantages, requirements, and potential
target markets. A recent empirical study on restaurants (Seyitoglu et al. 2021) dem-
onstrates that human-robot collaboration (mixed service delivery system) is the most
suitable service delivery system as it makes up for the disadvantages of robots with
the advantages of human employees and vice versa.

Van Doorn et al. (2017) proposed a typology of service delivery systems depend-
ing on the degree of automated social presence and human social presence in service
environments. For instance, while the first system refers to the system in which ser-
vice frontline experiences are low on both automated and human social presence,
the second encompasses service frontline experiences with high human social pres-
ence but no or low automated social presence. Service frontline experiences high
automated social presence, but low human social presence is emphasised in the third
typology. Finally, the fourth typology represents the combination of high human and
high automated social presence (van Doorn et al. 2017). Finally, by the study of
Wirtz et al. (2018), a framework was developed based on the characteristics of the
tasks (i.e., simple, complex, cognitive-analytical, emotional-social) and customer
needs and desires. Therefore, human-delivered, robot-delivered, and human-robot
team delivered service delivery systems were presented (Wirtz et al. 2018).

In addition, the knowledge of customer expectations may be helpful in the degree
of robot adaptation in tourism and hospitality tasks because for successful market
positioning, knowing the customer expectations is vital (Seyitoglu 2021). Further-
more, in the (post-) pandemic epoch, the use of service robots in tourism and hos-
pitality companies may be widespread because consumers may be more concerned
about their safety while receiving services (Zeng et al. 2020). Hence, service robots
may gain a strategic significance for the service delivery systems of tourism and
hospitality firms in the future. In this vein, service robots may provoke a transforma-
tion in the tourism and hospitality service delivery systems.

2.3 Hypotheses development
This paper looks at the drivers of tourists’ preferences towards the humans-robots

mix in the service delivery systems of tourism and hospitality companies. Figure 1
visually depicts the factors elaborated in the paper. The customer acceptance and
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Fig. 1 Drivers of the humans-robots mix in the service delivery systems of tourism and hospitality com-
panies

preferences of service robots have been studied from different perspectives in the
literature. In this regard, the robots’ functional and social-emotional requirements
(humanoid communication skills, problem-solving skills etc.) are stressed among
the significant ones that determine the customer preferences of service robots (Wirtz
et al. 2018). Furthermore, robots’ reliability (Cha 2020) and usefulness (McLean
et al. 2020; Abou-Shouk et al. 2021) are also regarded as essential elements play-
ing vital roles in customers’ attitudes toward service robots. From the customer
side, customer characteristics such as expectations (Ivanov et al. 2018a), attitudes
and profiles (e.g., gender, age, personality traits, and culture) are also emphasised as
crucial elements that influence consumers’ preferences for service robots (Belanche
et al. 2020b). Therefore, various variables such as robot reliability, robot functional-
ity, robot usefulness, tourist attitudes, profile, and expectations shape tourists’ pref-
erences toward service robots. However, no study investigating the role of these ele-
ments on the tourists’ preferences towards the share of robots in the service delivery
system is found in the literature. Thus, to fill this void in the extant literature, this
study includes these variables and investigates the mentioned relationships in the
tourism and hospitality context.

2.3.1 Robot characteristics
Robot characteristics such as reliability (Cha 2020), functionality (McLean et al.
2020; Abou-Shouk et al. 2021) and emotional skills (Seyitoglu et al. 2021; Stock-

Homburg 2022) influence the customer perceptions of the use of robots in tour-
ism and hospitality services. Previous studies have shown that perceived service
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robot reliability is positively associated with the perceived appropriateness of
robot use in passenger tourist transport (Webster and Ivanov 2021b). In the res-
taurant context, the literature shows that when consumers feel that service robots
are reliable, they are more inclined to use them (Cha 2020). Furthermore, Chiang
and Trimi (2020) revealed that reliability is a priority for robots’ service quality
perceptions of customers. In this aspect, when robots provide a reliable service,
tourists might be more willing to accept a greater share of robotic servers in the
service delivery systems of tourism and hospitality companies.

On the other side, functionality is a key technical characteristic of service
robots because it determines whether they would be capable of providing the ser-
vice. Tussyadiah et al. (2017) found that the functionality of autonomous vehi-
cles is positively linked to the use intentions of tourists. Furthermore, recent stud-
ies (McLean et al. 2020; Abou-Shouk et al. 2021) demonstrate a significant link
between the perceived functionality of service robots and customers’ attitudes.
According to Lin and Mattila (2021), the functional benefits of service robots
have a significant positive direct effect on consumer attitudes towards service
robots in hotels. Additionally, when tourists see robots as functional, they would
be more convinced that the robots would properly implement their assigned tasks
and might accept more robots in the service delivery system.

Finally, robots’ emotional skills determine human-robot interactions, use
intentions, and actual use of robots in various service contexts (Seyitoglu et al.
2021; Stock-Homburg 2022). In addition, emotions are an integral part of tourism
and hospitality services (Ali et al. 2016; Marques et al. 2018) because tourism
is often perceived as ‘people’s business’ where people serve people. Customers
expect positive emotions in their tourism experiences. Hence, customers expect
robots to have emotional skills (Chuah and Yu 2021). If customers consider that
robots have sufficient emotional skills, they would be more willing to accept them
in the service delivery systems of tourism and hospitality companies.

Though these characteristics mentioned above of service robots are crucial in
customer perceptions of the use of robots in tourism and hospitality services, no
study investigating the relationship between these variables and tourist prefer-
ences towards robot-human ratio in service delivery systems was found in the
current literature. Accordingly, the following hypotheses are formulated:

H1 Perceived service robot reliability is positively related to tourists’ preferences
towards the share of robots in the service delivery systems of tourism and hospitality
companies.

H2 Perceived service robot functionality is positively related to tourists’ preferences
towards the share of robots in the service delivery systems of tourism and hospitality
companies.

H3 Perceived emotional skills of service robots are positively related to tourists’

preferences towards the share of robots in the service delivery systems of tourism
and hospitality companies.
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2.3.2 Alternative servers in the service delivery system

Robots and human employees are two alternative servers in the service delivery sys-
tems, each with advantages and disadvantages (Seyitoglu et al. 2021). Their pros and
cons play vital roles in tourists’ preferences towards the share of robots in the ser-
vice delivery systems of tourism and hospitality companies. For instance, Meidute-
Kavaliauskiene et al. (2021) show that the perception of service robot advantages
positively and significantly affects the intention to use service robots. Similarly,
Ivanov et al. (2018a) reported that the perceived advantages of robots had a positive
relationship with the attitudes towards the use of robots based on a sample of young
Russian adults; the disadvantages had a negative effect that was eliminated when
general attitudes towards robots were considered in the analysis. The same results
were illustrated by Ivanov et al. (2018b) based on a sample of Iranian respondents.
Additionally, Webster and Ivanov (2021b) found that robots’ perceived advantages
and disadvantages compared to human employees are, respectively, positively and
negatively related to the perceived appropriateness of robot use in passenger trans-
port. These results were partly supported by Webster and Ivanov (2022a, b), who
found that perceived robot advantages were positively associated with the perceived
appropriateness of robot application in museums and galleries. Therefore, the two
hypotheses are:

H4 Perceived service robot advantages compared to human employees are posi-
tively related to tourists’ preferences towards the share of robots in the service deliv-
ery systems of tourism and hospitality companies.

H5 Perceived service robot disadvantages compared to human employees are nega-
tively related to tourists’ preferences towards the share of robots in the service deliv-
ery systems of tourism and hospitality companies.

2.3.3 Robotic service experience

This paper focuses on the robotic service experience expectations similar to previ-
ous studies (Ivanov et al. 2018b; Ivanov and Webster 2021) due to the very small
number of people who have actually experienced robotic services in the tourism and
hospitality context. However, it has already been confirmed that robots can be used
to create experiences for tourists (Tung and Au 2018), and their expectations about
the service would motivate them to use it/buy it (Kyto et al. 2019). For example,
Ivanov et al. (2018a) stress that robotic service experience expectations are posi-
tively associated with the attitude towards robotic service in hotels. In this vein, if
tourists expect that robots would be beneficial for their travel experience, they would
be more receptive to more robots in the service delivery systems of tourism and
hospitality companies. Additionally, when tourists acknowledge robots as useful for
their experience, they would be more likely to use them and prefer to be served by
robots rather than humans. A recent study by de Kervenoael et al. (2020) showed
that robots’ usefulness is positively related to the perceived value of service robots,
while Zhong et al. (2021) found that robot usefulness is positively associated with
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the attitudes toward robots in hotels. Consequently, the two hypotheses are devel-
oped as follows:

H6 Tourists’ robotic service experience expectations are positively related to their
preferences towards the share of robots in the service delivery systems of tourism
and hospitality companies.

H7 Perceived service robot usefulness in the tourism/hospitality context is posi-
tively related to tourists’ preferences towards the share of robots in the service deliv-
ery systems of tourism and hospitality companies.

2.3.4 Attitudes towards robots

The literature suggests that the attitudes toward robots are positively linked to the
use intentions (McLean et al. 2020; Meidute-Kavaliauskiene et al. 2021; Molinillo
et al. 2022) and the perceived appropriateness of robot use in tourism and hospitality
context (Webster and Ivanov 2021b, 2022a). A recent study (Seyitoglu et al. 2021)
indicates that the valence of customer attitudes (positive or negative) determines
customers’ readiness to use service robots in restaurants. In addition, Webster and
Ivanov (2022b) found that respondents with more positive attitudes toward robots
preferred more robotic servers during events compared to respondents with more
negative or neutral attitudes. Therefore, the literature clearly stresses the positive
link between consumer attitudes and service robot use intentions. Consequently, we
hypothesise that people with more positive attitudes toward service robots would be
more receptive to a greater share of robots in the service delivery systems of tourism
and hospitality companies. Formally, the hypothesis states:

H8 Tourists’ attitude towards robots is positively related to their preferences towards
the share of robots in the service delivery systems of tourism and hospitality
companies.

2.3.5 Tourist profile

Characteristics of individuals can shape their perceptions and attitudes towards ser-
vice robots although empirical findings are often mixed. For example, younger peo-
ple have a more positive attitude towards service robots than older ones (Onorato
2018). The study of Reich and Eyssel (2013) on the general use of service robots
also shows that the profile of consumers influences their perceptions—females have
fewer positive attitudes and more significant anxiety toward service robots than
males. Additionally, the authors found that respondents with an occupational back-
ground in technology or science and other non-social careers had more positive atti-
tudes towards service robots than respondents who work or study in social areas
(Reich and Eyssel 2013). At the same time, age and education did not change posi-
tive attitudes towards service robots.
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Previous studies in tourism and hospitality literature have indicated that the pro-
file of tourists shapes their perceptions of service robots. For example, Cha (2020)
revealed that hedonically motivated consumer innovativeness and socially moti-
vated consumer innovativeness positively affect attitude. However, the relation-
ship between motivated consumer innovativeness and attitude differed among age
groups. Thence, it can be implied that age can be considered a critical issue in con-
sumers’ attitudes and preferences toward service robots. Additionally, Ivanov et al.
(2018a) found that males were more supportive of implementing robots in hotels,
while Ivanov and Webster (2021) revealed that household size is positively related
to the willingness to pay for robotic tourism and hospitality services. In addition,
the hedonic and social elements of motivation contribute to the attitude and usage
intentions of robot service restaurants; however, these relationships differ in terms
of the income level of the customer groups (Kwak et al. 2021). Finally, people who
travel more frequently are willing to pay less for robot-delivered services (Ivanov
and Webster 2021). Travel frequency was also found to partially shape the percep-
tions of Iranians towards service robots in hotels (Ivanov et al. 2018b), but no such
relationship was found for Russian respondents (Ivanov et al. 2018a). In this regard,
it can be concluded from the extant literature that tourists’ profile and characteristics
may play significant roles in service robots’ preferences of the share of robots in
the service delivery systems of tourism and hospitality companies. Thus, the related
hypotheses are:

H9.1 Gender shapes tourists’ preferences towards the share of robots in the service
delivery systems of tourism and hospitality companies.

H9.2 Age shapes tourists’ preferences towards the share of robots in the service
delivery systems of tourism and hospitality companies.

H9.3 Household size shapes tourists’ preferences towards the share of robots in the
service delivery systems of tourism and hospitality companies.

H9.4 Education shapes tourists’ preferences towards the share of robots in the ser-
vice delivery systems of tourism and hospitality companies.

H9.5 Economic wellbeing shapes tourists’ preferences towards the share of robots
in the service delivery systems of tourism and hospitality companies.

H9.6 Travel frequency shapes tourists’ preferences towards the share of robots in the
service delivery systems of tourism and hospitality companies.

2.3.6 Clusters
Tourists are not uniform in their perceptions of robots. For instance, Ivanov and

Webster (2021) identified two clusters based on the willingness to pay for robot-
delivered services, while Ivanov et al. (2018b) revealed the existence of two clusters
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of Iranian respondents based on their attitudes towards robots in hotels. Further-
more, Lee et al. (2021) investigated the underlying perceptions of the hotel guests’
robot-using behaviours. They categorised the participants into cohesive groups
showing similar characteristics. In line with the different demographic information
and levels of perceptions, four clusters were identified as the ordinary, enthusiastic
adopter, tech laggard, and value seeker. Finally, Zhong et al. (2022) implemented
a cluster analysis to place guests into technology readiness index categories in this
study. Four groups were revealed according to the clustering: paranoids, innova-
tors, laggards, and sceptics. Hence, it is prominent from the current literature that
as each individual may have different perspectives or attitudes towards a subject or
experience, tourist segmentations are likely to occur, especially when the number of
participants is higher. Consequently, we hypothesise that different clusters will exist
based on tourists’ preferences toward the humans-robots mix in the service delivery
system:

H10 Different clusters of tourists exist based on their preferences towards the share
of robots in the service delivery systems of tourism and hospitality companies.

3 Methodology
3.1 Research design and data collection

Between March 2018 and October 2019, a major online survey was fielded to learn
about how the public perceives the use of robots in tourism and hospitality. The
survey was developed first in English and later translated into 11 other languages
to ensure a more inclusive and diverse pool of respondents. Native speakers of the
languages translated the questionnaire to ensure that the translations were accurate
and understandable to respondents. In addition, the respondents to the survey all had
to self-identify that they were over the age of 18 so that no minors would be in the
survey pool. The authors received permission from a major US university’s IRB to
disseminate the survey online through social media and email. The researchers dis-
seminated the links to the weblink to the Qualtrics survey via their social media
accounts, via emails to students/faculty, and via requests for the forwarding of the
weblink to various collaborators throughout the world. A weakness of this meth-
odology is that it is impossible to measure the response rate since it is unclear how
many people throughout the world had received the link and chose not to take the
survey.

3.2 Questionnaire

The key dependent variable in this analysis was the desired ratio of humans to
robots. Respondents were asked to rate their desired ratio of humans to robots on a
7-point scale to operationalise this. The scale indicates on the lower end (1) “I prefer
to be served only by robots” while on the other end (7) “I prefer to be served only by
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human employees.” The middle (4) denoted “I prefer to be served by approximately
an equal number of human employees and robots.”

The respondents were then asked to indicate preferences towards the human
employees-robots ratio in the following services/industries (Hotel, Room service,
Restaurant, Bar, Travel agency, Tourist information centre, Rent-a-car, Airplane,
Bus, Train, Ship, Airport, Bus station, Train station, Port, During an event such
as a concert, congress, exhibition, and Museum/gallery). This question determines
whether the customer’s desired humans to robots ratio would change based on the
tourism/hospitality service context.

In addition, the questionnaire included questions related to the perceptions of
robot reliability and functionality (adapted and expanded from Tussyadiah et al.
2017), perceived usefulness of service robots in tourism (adapted and expanded
from Venkatesh and Davis 2000), perceived advantages and disadvantages of robots
compared to human employees, robotic service experience expectations, and per-
ceived emotional skills of robots (adapted and expanded from Ivanov et al. 2018a).
All these concepts were measured upon a seven-point level of agreement scale.
Demographic data were collected as well.

3.3 Sample’s characteristics

There were 1537 complete responses to the questions under consideration in this
analysis. Table 1 illustrates the characteristics of the respondents. What is notewor-
thy is that the countries that are best represented in the survey, Bulgaria and the
USA, stand out, since this is where the researchers are based, and it seems that their
professional and personal contacts worked best to ensure a high response rate. Still,
these two countries represent less than half of the respondents to the survey, allow-
ing for nearly 100 other countries to be represented in the sample. The sample is
well balanced in terms of gender. The respondents appear to be quite well-educated,
young, and wealthy.

3.4 Data analysis

The descriptive analysis showed that the skewness and kurtosis values of all vari-
ables were within the range [— 1;4 1] and that the sample size was sufficiently large
(> 500 respondents). Therefore, the empirical distribution of responses was treated
as normal (George and Mallery 2019), which allowed the application of paramet-
ric tests (t-tests and ANOVA) for data analysis. Cluster analysis was implemented
to identify groups of respondents based on their preferences towards the humans-
robots ratio in the service delivery systems of tourism and hospitality companies.
The number of respondents in the cluster analysis (1537) exceeded 90 times the
number of variables in the segmentation base (17), which was much higher than the
minimum ratio of 70 recommended by Dolnicar et al. (2014). Exploratory factor
analysis and regression analysis were used as well.
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4 Results and discussion
4.1 The general picture

Table 2 presents the descriptive part of the results. The findings show that the
respondents preferred to be served by slightly more human servers than robotic serv-
ers: all means were above the midpoint 4, reflecting the equal number of human
employees and robots in the service delivery system. It is interesting to note that the
mean humans-robots ratio was lowest (i.e. the share of robots is highest) for services
with the shortest interaction between the service providers and the tourists, such as
at train stations (m =4.25), bus stations (m=4.26), and room service (m=4.34), or
for services related to the provision of information which is mainly repetitive such
as at tourist information centres (m =4.33). Akdim et al. (2021) also underline that
service robots are preferred when they provide quick service (e.g., in fast-food res-
taurants or roadside hotels). However, human employees are preferred in restaurants
where customers want to socialise (e.g., traditional restaurants or fine dining restau-
rants) (Akdim et al. 2021).

For services with a strong social element, such as restaurants (m =5.06) and bars
(m=5.12) (Seyitoglu et al. 2021), respondents preferred a much higher share of
humans than robots compared to other services, and the differences were all sta-
tistically significant at p <0.001 (not reported on the table but available from the
authors). These findings are consistent with the previous studies. For example,
Seyitoglu et al. (2021) uncovered that most restaurant patrons are willing to be
served in a mixed service delivery system (in which service robots are used for some
front-of-house operations) and a human-based service delivery system (in which
human employees deliver all front-of-house operations, but robots may be used for
some back-of-house operations).

4.2 Cluster analysis

The cluster analysis revealed the existence of three groups of respondents based
on their preferences towards the humans-robots ratio in the tourism and hospitality
services and service contexts listed in Table 2. Thus, H10 is supported. Cluster 1
(n=260) included respondents that overwhelmingly preferred to be served by more
robots than humans—means ranged from m=2.14 (train stations) and m=3.51
(bars). Unsurprisingly, they also had very positive attitudes towards robots (m = 6.10,
see Table 1). This result echoes the findings of previous studies the attitudes toward
service robots are strongly associated with the perceived appropriateness of robots
with the tasks and use intentions (McLean et al. 2020; Webster and Ivanov 2021a;
Meidute-Kavaliauskiene et al. 2021).

Cluster 2 respondents (n=494) were on the other extreme and preferred mostly
humans to robots in the service delivery—the mean responses ranged from m =5.84
(tourist information centre) to m=6.38 (restaurant). As a whole, the respondents
in this group had neutral attitudes towards robots (m =4.56). This cluster mostly
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prefers humans in service delivery for the service environment, such as tourist infor-
mation centres and restaurants, because these tasks require personalised services.
The recent studies (Ivanov et al. 2020; Seyitoglu et al. 2021; Belanche et al. 2021b)
also emphasise that service robots may not be advantageous for the tasks requiring
humanoid characteristics such as social skills, communication, and emotion to fulfil
customers’ needs for more personalised services.

The third cluster was the largest one (n=753), and respondents in it preferred
an approximately equal number of humans and robots in the service delivery:
min m=3.93 (bus/train stations), max m=4.93 (bar). All differences among clus-
ters’ responses were significant at p <0.001 (see the last column in Table 2). The
participants of a related study on restaurants (Seyitoglu et al. 2021) also indi-
cated that human-robot collaboration is the most suitable service delivery system
because it provides both sides’ (human and service robots) advantages in the service
environments.

The characteristics of the clusters are presented in Table 1. Nearly 64% of
Cluster 1 respondents were males, while 57.5% of Cluster 2 and 58.83% of Clus-
ter 3 respondents were female, and the differences were statistically significant
(*=38.264, df=2, p=0.000). This means that male respondents were more sup-
portive of the use of robots in the service delivery systems of tourism and hospitality
companies than females and accepted to be served by more robots than females did.
These findings are consistent with Reich and Eyssel (2013)’s study, which revealed
that males have more positive attitudes toward the use of service robots.

The literature supports that different clusters may exist regarding the perceptions
of consumers towards the use of service robots in tourism and hospitality services in
terms of willingness to pay for robots-delivered services (Ivanov and Webster 2021),
attitudes towards service robots in hotels (Ivanov et al. 2018b), underlying per-
ceptions of the hotel guests’ robot-using behaviours (Lee et al. 2021), and placing
guests into technology readiness index categories (Zhong et al. 2022). However, to
the best of our awareness of the current literature, no study has yet investigated the
clustering of consumers’ preferences towards the humans-robots ratio in the tourism
and hospitality literature.

4.3 Factors shaping the preferences towards the ‘humans-robots’ ratio

Table 2 presents the t-test and ANOVA results. They reveal that respondents’ pref-
erences towards the humans-robots ratio were largely shaped by respondents’ gen-
der (H9.1), attitude towards robots (H8) and cluster belongingness (elaborated in
Sect. 4.2). All but one difference in the mean answers of respondent groups were
statistically significant at p <0.001. In general, males and people with more positive
attitudes towards robots accepted more robots in the service delivery systems than
females and people with negative attitudes towards robots. The age (H9.2), house-
hold size (H9.3), education (H9.4), economic wellbeing (H9.5) and travel frequency
(H9.6) had no or little effect on the humans-robots ratio preferences.

The factor analysis results are presented in Tables 3, 4 and 5. As a whole, the
extracted factors have high convergent validity because all Cronbach alpha values
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Table 3 Factor analysis— Variable

. Item loadings
humans-robots ratio preferences &

Humans-robots ratio preferences (a=0.968, CR =0.980,
AVE=66.447%)

Hotel 0.851
Room service 0.803
Restaurant 0.766
Bar 0.721
Travel agency 0.809
Tourist information centre 0.775
Rent-a-car 0.843
Airplane 0.788
Bus 0.843
Train 0.834
Ship 0.828
Airport 0.864
Bus station 0.850
Train station 0.857
Port 0.857
During an event (e.g. concert, congress, exhibition) 0.779
Museum/gallery 0.772

Extraction method: principal component analysis, rotation method:
varimax with Kaiser Normalization

Coding: 1—I prefer to be served only by robots, 4—I prefer to be
served by approximately equal number of human employees and
robots, 7—I prefer to be served only by human employees

*##*Significant at p <0.001

are above 0.7 (min=0.732, max=0.968), all composite reliability values are
above 0.8 (min=0.868, max =0.980), and all but one factor loadings are above
0.7 (see Tables 3 and 4). Table 5 shows that the constructs have a high discrimi-
nant validity because all square roots of the extracted variances of the constructs
(diagonal values) are higher than the respective bivariate correlations with the
other constructs (the values below the diagonal).

Table 6 elaborates the regression analysis results. Five regression models were
developed with the humans-robots ratio preferences as the dependent variable.
Model 1 included as independent variables only the respondents’ perceptions of
the characteristics of robots (reliability, functionality and emotional skills). The
next models added as independent variables the perceptions towards the advan-
tages and disadvantages of service robots compared to human employees (Model
2), the robotic service experience expectations and robots’ usefulness in tourism
and hospitality context (Model 3), the attitudes towards robots (Models 4), and
the tourist profile (Model 5). As a whole, the five models have good explanatory
power and explain between 22.6% (Model 1) and 39.1% (Model 5) of the varia-
tion of the dependent variable. No multicollinearity was observed in any of the
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models because all VIF values were smaller than five. The regression results indi-
cate that the perceived emotional skills of service robots are positively related to
tourists’ preferences towards the share of robots in the service delivery systems of
tourism and hospitality companies (H3). Note that the negative sign of the regres-
sion coefficient of emotional skills in all five models denotes that higher per-
ceived emotional skills of robots are associated with a lower value of the humans-
robots ratio. Considering the coding of the dependent variable (1—I prefer to be
served only by robots, 7—I prefer to be served only by human employees), the
negative sign of the regression coefficient shows a positive relationship between
the perceived emotional skills of robots and the preferred share of robots in the
service delivery system of tourism/hospitality companies.

Similarly, the robotic service experience expectations (H6), the perceived robot
usefulness in the tourism/hospitality context (H7), and attitudes towards robots (H8)
are positively related to tourists’ preferences towards the share of robots but per-
ceived robot disadvantages (H5) are negatively related to the humans-robots ratio
preferences. The regression coefficients of robot advantages to human employees
(H4) are statistically significant only in Models 2 and 3. Perceived service robot
reliability (H1) is positively associated with the dependent variable only in Model
1, while perceived service robot functionality (H1) is positively associated with it
only in Models 1 and 2, and this association becomes statistically insignificant when
other explanatory variables are included in the regression models. Gender (H9.1)
and household size (H9.3) are the only tourist profile variables that have statistically
significant regression coefficients (Model 5). Specifically, females and those with
larger households preferred a higher share of humans in the service delivery sys-
tems of tourism and hospitality companies compared to males and respondents with
smaller households.

Additionally, the regression analysis shows that age (H9.2), education (H9.4),
economic wellbeing (H9.5) and travel frequency (H9.6) are not associated with the
humans-robots ratio preferences. Thus, regression analysis results support hypothe-
ses H3, H5, H6, H7, H8, H9.1 and H9.3 and do not provide support for H1, H2, H4,
H9.2, H9.4, H9.5 and H9.6. These results mean that people accept a high share of
robots in the service delivery if they perceive robots as having high emotional skills
and as useful in the tourism/hospitality context, expect that robots will be benefi-
cial to their travel experience, generally have positive attitudes toward robots, con-
sider that robots have fewer disadvantages compared to human servers, have smaller
households and identify with the male gender (see Table 7).

5 Conclusion

5.1 Theoretical implications

The paper has several important theoretical implications. Firstly, the identified clus-
ters all preferred to have human labour in specific hospitality/tourism contexts. This

suggests that respondents still perceive the hospitality/tourism service environment
as something that ideally should be dominated by human interactions, even if robots
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are effective and can do many tasks. The mean scores in Table 2 should remind us
that while respondents would accept more robots, they still preferred to be served by
more humans than robots. Thus, respondents considered that robots should support
service delivery, helping human employees rather than replacing them. This conclu-
sion aligns with Seyitoglu and Ivanov (2020)’s recommendation that a mixed ser-
vice delivery system with human-robot collaboration is the most appropriate for the
(post-) pandemic world.

Secondly, the findings also suggest that the emotional skills of robots play a criti-
cal role in supporting the use of robots in the labour mix. These findings fit well
within the results of previous studies. The literature shows that customers expect
robots to have emotional skills (Chuah and Yu 2021), and the emotional and social
skills of service robots are considered significant drivers of customers’ robot use
intentions, attitudes and the actual use of robots in service contexts (Wirtz et al.
2018; Seyitoglu et al. 2021; Stock-Homburg 2022). Hence, the higher the perceived
emotional skills of service robots, the more likely the tourists are to use robots and
accept a higher share of robots than human employees in the service delivery sys-
tems of tourism and hospitality companies—something confirmed by this study.

Thirdly, respondents’ perceptions of the disadvantages of robotic labour had a far
more robust relationship with the desired ratio of robots to humans than did their
perception of advantages of robotic labour. What this means is that tourists con-
sider the disadvantages of robots much more heavily with regard to determining
the appropriate humans-robots mix in a service environment than is the case with
advantages. This result is in line with Webster and Ivanov’s (2021b) findings of the
perceived appropriateness of autonomous vehicles in the tourism context.

Fourthly, previous research shows that robotic service experience expectations
are positively related to the attitude towards robotic service in hotels (Ivanov et al.
2018a). In this aspect, tourists’ expectations about service would increase their
motivation towards intentions to use/buy a particular service (Kyto et al. 2019).
Additionally, the usefulness of service robots is positively associated with the per-
ceived value of service robots (de Kervenoael et al. 2020) and attitudes towards ser-
vice robots in hotel services (Zhong et al. 2021), while the attitudes towards robots
positively affect the use intentions (McLean et al. 2020; Meidute-Kavaliauskiene
et al. 2021). In our context, the positive expectations about the robotic service, the
perceived usefulness of service robots in tourism and the positive attitudes towards
them motivated respondents to accept more robots in the service delivery systems of
tourism and hospitality companies, thus indirectly indicating that they would sup-
port their wider implementation in tourism and hospitality.

Fifthly, the results illustrate that males prefer more robots in the service delivery
systems of tourism and hospitality companies than females do, in line with previous
studies (Ivanov et al. 2018a). The findings echo previous studies which found that
males like things and females like people (Su et al. 2009), illustrating female scepti-
cism towards the use of robots.

Finally, the findings show that the reliability and functionality of robots do not
shape respondents’ preferences towards the humans-robots mix in the service deliv-
ery systems of tourism and hospitality companies. Previous studies have shown that
these robot characteristics are positively related to the perceived appropriateness of
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robots in passenger tourist transport (Webster and Ivanov 2021a, b), intentions to
use robots (Tussyadiah et al. 2017; Cha 2020), and attitudes towards robots (Lin and
Mattila 2021) but this study does not find a relationship between robots’ reliabil-
ity, functionality, and the humans-robots mix preferences of respondents. The reason
might be that respondents see robots as collaborators to humans and prefer a mixed
service delivery system (based on human-robot collaboration) to a pure robotic one.
Hence, the human employees can compensate for a failure of the robot to perform
a specific task (lack of reliability) or its inability to perform the task at all (lack of
functionality). As a matter of fact, only between 2.5% (for restaurant service) and
6.9% (for room service) of respondents have indicated that they would prefer to be
served only by robots (frequencies of responses not included on the tables but avail-
able from the authors).

5.2 Managerial and practical implications

The humans-robots mix in the service delivery system can be a complex and confus-
ing issue for managers as various factors can influence customer preferences. In this
vein, this section presents critical implications for tourism and hospitality industry
managers and practitioners. Firstly, the findings of this research develop an empiri-
cal basis for tourists’ preferences toward the humans-robots ratio in service delivery
systems. The results demonstrate that participants of this study prefer more human
servers in service delivery systems, especially for services such as restaurants and
bars that require social interactions and emotional intelligence. However, custom-
ers prefer service robots, especially for repetitive services that require no or limited
individual interactions. As the nature and characteristics of service environments
and tasks are crucial to deciding the type of servers, managers must consider these
issues in the design of the service delivery systems of tourism and hospitality com-
panies. For example, while service robots can be used for the repetitive, dirty, and
dull tasks in restaurants and bars, human employees would be better in these ser-
vice environments for the direct services to the customers as they have social and
emotional skills. Managers or owners should consider that human employees can be
more suitable for the frontline hotel services, while robots could be more convenient
for the back-of-house tasks. To sum up, the service environment and the task types
are the crucial aspects that attention should be paid to by managers or owners in ser-
vice delivery system designs.

Robot designers should consider the need for socially and emotionally intelligent
service robots to be used in tourism and hospitality contexts. In this regard, the con-
gruency of the service robots with the nature of the service context was also men-
tioned in the literature (Wirtz et al. 2018; Seyitoglu et al. 2021) to be a significant
issue, most notably for the tasks requiring communication, social and emotional
skills. Moreover, Reis et al. (2020) imply that in their current forms, service robots
may not be successful and efficient in replacing human employees for all the service
contexts. That is because while robots are efficient in terms of moving items, clean-
ing, or performing repetitive physical tasks, they fall short when they need to com-
municate with or show emotions to customers and employees.
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Finally, from the managerial perspective, tourism and hospitality firms should not
consider only service robots or human employees for their service delivery systems;
instead, they can adjust their humans-robots mix according to their customer profile
and service characteristics to provide quality service and experience to their custom-
ers. Companies should not stick with one side (either robotic or human) because
the combination of service robots and human employees simultaneously may allow
tourism and hospitality firms to benefit from the strengths of both types of servers
while compensating for their negative aspects. However, the target market segment
is crucial for tourism and hospitality firms to design their service delivery systems
and position in the market because each service delivery system appeals to a differ-
ent market segment. Hence, knowing the tourist typologies and, their desires and
expectations may help companies determine the humans-robots ratio in their service
delivery systems. This is important as not every tourist would prefer service robots,
while other tourists may be willing to pay more for a robotic service. The current lit-
erature also supports that for the tourism and hospitality industry, the knowledge of
customer desires and expectations is vital in designing the service delivery system
(Seyitoglu 2021) because successful market positioning requires knowing the target
market’s expectations (Seyitoglu and Ivanov 2020).

5.3 Limitations and future research directions

There are several limitations to this research that should be noted. First, the data
were collected before the COVID-19 pandemic and subsequent political responses.
So, it may be possible that the social, economic, and political environments have
changed the attitudes of much of the population towards robots in tourism and hos-
pitality, especially given the substantial removal of many people worldwide from
the workforce in tourism and hospitality. However, it may be that the pandemic had
no discernible impact on attitudes, so this research should be followed up by more
recent data gathering to find out if there has been a substantial shift in attitudes.

Second, the data are more or less a global sample, although dominated by Bulgar-
ian and US respondents. This may mean that some of the conclusions regarding the
influences upon the variables may be country-specific rather than more generalised.
It may well be that single-country studies may invalidate the multi-country data.

Third, it is possible that the humans-robots ratio was not fully conceptualised
by many respondents. So that future studies may want to incorporate focus groups,
scenarios, and simulations to allow respondents to explain their attitudes towards
particular ratios better and will enable them to visualise more clearly what a more
robot-intensive service environment would be like rather than a human-intensive
service environment.

Fourth, future studies may shed more light on the types of tasks implemented in
each of the analysed services (mostly physical tasks or cognitive/emotional tasks)
and how they shape the respondents’ preferences towards the humans-robots mix in
the delivery process of the respective service.

Finally, the study did not pay attention to the psychological characteristics of
respondents. Future research on the humans-robots mix preferences may utilise the
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Technology Readiness Index (Parasuraman and Colby 2015) because customers’
readiness could affect the acceptance of robots (Flavian et al. 2022).
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