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Abstract:

The circumstances of the Covid-19 pandemic established new conditions for the hospitality industry, pandemic restrictions
precluded full provision of leisure services. The study aims to identify technological concepts that could noticeably support
the industry in dealing with pandemic restrictions while allowing guests take advantage of hospitality services. This is a
conceptual study based on comprehensive review of the scientific literature and secondary sources, supported by the
creative methodology. Twelve technological device concepts are elaborated, then evaluated, how they support pandemic-
related restrictions and affect customer experience. Proposed concepts are aiming at the state of the art and beyond. The
study mainly contributes with technological conceptualizations conceivably inspiring further developments favorable to the
hospitality industry, particularly in pandemic time. The study presents a value co-creation analysis of the device concepts,
several conclusions referring to the implementation of technologies in the hospitality industry are drawn up. One of the
conclusions is that the current pandemic situation brings an opportunity to move toward the Industry 4.0 transformation. The
study concerns a wider problem of technological changes than just pandemic restrictions.

Keywords: Covid-19; technologies; hospitality industry; service innovation; value co-creation.
JEL Classification: D20; 119; 115; L80; L83; Z32.
Introduction

This is a time of dramatic changes caused by technologies, technologies that are revolutionizing many industries,
manufacturing and service ones. The global trend called Industry 4.0 (Schwab 2017, Lu 2017) is still accelerating,
each year it proposes new applications of Artificial Intelligence, the Internet of Things, Virtual and/or Augmented
Reality, Big Data, Automatization and other technologies for manufacturing and service processes. Hotels and the
entire tourism industry are not isolated from these changes.

This study is addressing the issue of preventive measures demanded by the pandemic in the HI through
the use of technological solutions. In particular, the study provides a comprehensive review of technological
devices, at different states of readiness to use, which could noticeably support service processes in Hl in
customer contact points under the social distancing restrictions and other precautions in response to Covid-19.
The study aims to identify those technological solutions which are not yet practiced in the HI or only to a very
limited extent. The study also aims at conceptual developments of technologies pointing out necessary further
improvements making them possible for wide usage within the industry. The study assumes the standpoint of the
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service value co-creation concept, and so the possible technological devices are discussed in light of value co-
creation and value co-destruction. Adopted framework allows to see technological concepts in the wider view of
customer experiences as well as to recognize long-term changes in the HI. Several directions and conditions of
technological changes in the industry are recognized. The study is conceptual driven by comprehensive literature
studies and supported by a creative methodology carried on young professionals involved in the service
engineering issues. However, a crucial stream of the study is based on conceptual work by the authors. The
study is targeted at the clear desires of hospitality operators.

1. Literature Review

The literature provides many insights regarding the positive prospects and examples of applications of technology
in human-intensive services, hospitality included. According to Kabadayi et al. (2019) the smart services, meaning
those that are intelligent, anticipatory, and with the adaptable use of data and technology, allow customers to
experience services at an even higher level than existing “usual” services. Samala et al. (2020) arguing that
although Al cannot surpass the human contact that is an essential in tourism, it certainly enhances customer
experiences. Authors see this technology as an effective complementary dimension to the future of tourism, for
example through the simplification of travel arrangements, automatization of some operations and customization
(Samala et al. 2020).

Robotics offers variety of tools and devices which could noticeably change service operations (Belanche et
al. 2020, Wirtz et al. 2018). Robots appear more often in services recently, a number of authors state that their
presence will eventually become indistinguishable from that of a human (Belanche et al. 2020). According to
Aarthy and Badrinarayanan (2019), there is a high prevalence of the use of function-based software along with
automation in the hospitality industry (Hl); however, service points with a high level of personal interaction with
customers remain challenging. Technologies in HI are important for two reasons: (1) to improve internal process
efficiency, as presented by Cobos et al. (2016) on the case of the adoption of radio frequency identification
(RFID), and (2) to improve customer experience, as Liu and Hung (2020) demonstrate, customers showed a
preference for self-service technologies (SST). Intensive research on technological innovations in tourism and
hospitality has been strongly recommended by many scholars (Belanche et al. 2020, Kabadayi et al. 2019;
Buhalis et al. 2019, Wirtz, et al. 2018). The three areas of service experiences that may possibly benefit from
disruptive technological innovations are extra-sensory experiences, hyper-personalized experiences, and
experiences beyond-automation (Buhalis et al. 2019). As Aarthy and Badrinarayanan (2019) argue, while
machines cannot independently carry out hotel main processes, a smart combination of human technologies can
provide a much-enhanced delivery of service.

The Covid-19 pandemic has dramatically changed the circumstances under which HI, hotels and other
accompanying services must operate. According to the data provided systematically by the World Health
Organization, the treatment of Covid-19 remains fundamental [July, 2020], and globally the number of infections
continues to rise (Coronavirus 2020). The virus that causes Covid-19 is “transmitted between people through
respiratory droplets, by direct contact with an infected person or indirect one” (Operational 2020, 1). WHO has
developed some protective measures addressed directly to the accommodation industry, which include technical
and organizational guidelines. “Social distancing measures, together with frequent hand hygiene and respiratory
etiquette, are the main measures to prevent transmission of Covid-19” (Operational 2020, 3). WHO also indicates
seeking early detection of guests and staff who are possibly infected, giving special consideration to the
application of cleaning and disinfection measures in common areas, with particular attention to interactions that
are specific to the industry: guest-guest, guest-staff, and staff-staff in all situations, but particularly whilst serving
food and beverages, cleaning, organizing activities, etc. (Operational 2020).

Service value co-creation is a central point of service science, it provides an advantageous framework for
describing and analyzing customer — service provider interactions, along with customer — the service staff
relations. Value co-creation/service product co-production is perceived as various aspects of customer
participation in various service activities (Auh 2007, Etgar 2008); its great peculiarity is that the customer is
involved in the offering herself or himself (Ramaswamy 2009). Value co-creation relies upon two partnering sides
meeting together (Gronroos and Voima 2013, Vargo and Akaka 2009). Value co-creation eventually contains
intense and dialoguing customer-company and human-human interactions (Grénroos and Voima 2013,
Grissemann and Stokburger-Sauer 2012, Payne et al. 2008), the service provider's employees listen and react
promptly to customer needs (Grissemann and Stokburger-Sauer 2012). Scholars also underline the spontaneity
of customer participation and behaviours, at the same time creativeness and open engagement by the provider’s
staff (Bolton and Saxena-lyer 2009, Gronroos and Voima 2013).
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Etgar (2008) also links service value co-creation to customization. The service co-production gives the
recipient the possibility to customize his or her world (Co-creation 2009) as an active participant in the service
process. It has been emphasized that in customization, the receiver is provided with resources prepared in
advance and defined a priori by the service provider (Chathoth et al. 2013). The point is that these resources can
be used in different ways during the service process. Etgar (2008) notes that customization assumes limited
options that are offered to customers. However, joint creation occurs when customers carry out individual
sequences of the service process themselves. In this case, the service process is transferred from the service
provider to the customer (Bolton and Saxena-lyer 2009). As Oertzen et al. (2018) perceive it, the co-creation of
services denotes collaborative activities in the customer-provider interface associated with the service. In
services, co-creation manifests itself in different forms depending on the phases of the service process, it
includes co-ideation, co-valuation, co-design, co-testing, co-launching, co-production and co-consumption; all
types of co-* are influenced by a contextual, multiactor network (Oertzen et al. 2018, 657).

For this study, the hospitality service processes have particular significance along with a variety of types of
contact points where pathogen transmission might occur. All the interactions between guests and the hotel during
their stay are determined by the office operations. According to Ozdemir et al. (2019) the stages of guest stay are
as follows: pre-arrival, arrival and accommodation, stay and departure. Krstic et al. (2015) identify four key
operating processes in the hotel industry: (1) the process of hotel housekeeping, (2) the process of supplying
necessary inputs, (3) the process of guest arrivals and departures and (4) the process of producing and serving
food and beverages. Others additionally see (5) the process of serving meals and beverages and (6) the process
of reception and accommodation of guests (Ozdemir et al. 2019). Some different approaches to this issue
mention the following as hotel service delivery processes: room reservation, check-in, the in room stay, room
service orders, serving breakfast, information seeking, complaints, wake up, check-out, follow up (Yung and Chan
2002, Kattara and EI-Said 2014, Danaher and Mattsson 1994). According to research conducted prior to the
Covid-19 pandemic, in all these processes the safety and security are significant determinants of customer
satisfaction, however these are particularly important factors in three-star establishments (Nunkoo et al. 2019).

2. Methodology

The study is mainly conceptual in its nature; however, it employs three research methods. At the beginning of the
research process there were (1) creative workshops with young professionals (students) studying Service
Engineering. They were asked to figure out as many possible technological ideas as they could that can be
potentially employable to typical processes in HI and which would support restrictions typical to Covid-19. Twenty-
one participants took part in online creative workshops in small groups (Markopoulos et al. 2016), 107 ideas were
collected and categorized according to principles of content analysis (Neuendorf 2016). Evaluation and selection
of these ideas yielded ten that were considered as having high potential for use in the HI; however, only a few of
these are included in the concepts presented in the following chapter. Detailed systematizations are not
presented because, in general, the ideas were not considered to be groundbreaking. However, two important
conclusions were drawn from the creative workshops stage: (i) the idea of implementing technology to relieve the
difficulty of pandemic restrictions in Hl is very promising and that (ii) this study needs to be maximally focused on
the technologies themselves and their very creative developments towards HI applications, proposals were in fact
very often superficial.

Therefore, the two next methods were employed: (2) in-depth technological literature study along with
many kinds of secondary sources related to technologies and (3) the conceptual design. As a number of authors
(Christophe et al. 2014, Sanders and Stappers 2013, French 1999) state, the conceptual design methodology is
widely exploited in many fields, starting with the engineering, product development, and manufacturing systems,
and running through new technical and social creations. Conceptual design is modeling by using precise and
neutral concepts that come from needs or ideas (Christophe et al. 2014). According to Thompson (1999), a
designed concept describes the principles and features of a system on which the design is focused. In this study,
authors proceeded from a wide review of existing and technically possible technological devices and proposed a
set of future technologies which could be widely implemented in the HI to solve, at least to a fair extent, the
problem of Covid-19 restrictions.

3. Technology Concepts Applicable to the Hospitality Industry

A summary of solutions with very high potential according to the type of device and technology used, is presented
in Table 1. The following human contact points typical for HI is taken into consideration: travelling/trips (T),
reception desk (R), dining (D), Spa & Beauty (S), exercise/sport (E), conference rooms and corridors (C).
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Indication of the potential effects of technological devices on the service processes compared to services
provided traditionally is presented. Directions for the future development of the devices are summarized in the
last column. Proposed devices, first column, are supplemented with lists of generic Industry 4.0 technology
groups according to following notations: Al - Artificial Intelligence, VR/AR - virtual/extended reality, CL - cloud
computing and Big Data, TW - ICT networks, SW - sensor networks, AT - automation, RB - robots.

Table 1. The technologies supporting pandemic safety in the hospitality industry

. , Influence on HI Processes )
Technologies) Points Devices

= Replace humans in orders, billing,
check-in, check-out, selling tickets
Secure kiosks, KioS TRDSE = |nformation delivery and guidance,
(AT AI SWTW) e.g.  weather,  availability  and
accessibility of places and utilities, etc.

= Extended accessibility

= Replace humans in orders, billing, | = Holographic kiosks

Devices (14.0 Contact Necessary Developments of ‘

= Ensure they are kept protected
microbiologically
= Make them intuitable

Voice response check-in, check-out, selling tickets = Further development of

kiosks, VoiK (ATCL | TRDSE = Contact with potentially | conversation scripts by Al

Al SWTW CL) contaminated surfaces not required = Further  voice  recognition
= Extended accessibility development

= Self-disinfection of the robot
after each contact with humans

Delivery robots, DelR = Replacement of staff work, e.g. | = Ways of smoothly moving

(ATRB CL Al TW DSRC shoppipg, deli\{ery of towels, cosmetics | through space in buildings
W) = Dining delivered to rooms and/or | = Development of systems for
outlying tables responding to unusual
circumstances using low-quality
data
= Robot anthropomorphism
« Repl t of | staff rol = Further development of
Accompanying eplacement of several stall Toles, relationship maintenance by Al

robots, AccR(ATRB | TRDSE e.g. guide, concierge I = Further development of the
= Guest care extended in time and

CL AI TW SW) space empty component of machines
P = Self-disinfection after human
contact

= Further development of flight
control systems
= Changes in the legal system,

= New role for tour guides
= Allow visits to places that are difficult
to access and dangerous, e.g. canyons

Tourist drones, TouD
(RBATVR/ARCLAI | TE

TW SW) X depending on the country, e.g.
or underwater locations . . .
concerning permits for drone flights
= Elimination of human involvement in | = Development of a system for
disinfection and cleaning of floor | disinfection that safe for people and
Decontamination surfaces equipment
robots, DecR(RBAI | SEC = Limitation of employee contact with | = Development of effective and
TW SW) hazardous disinfectants efficient disinfection methods
= Increase in the flexibility of the time | = Increase in the transparency of
slots for cleaning work the operation of equipment

= |mprovement of the identification
notification of potentially infected

Visual markers for equipment = Development of  solutions
lace and device = Rapid identification of the most | allowing disinfection of any device
P TRDSEC | heavily burdened devices after each use

safety, VisM (AT TW

SW) = Enable the customer to monitor the | = Holographic markers presenting

threat level and support the decision- | comprehensive information
making process, e.g. whether to use a
particular piece of equipment in the gym
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. , Influence on HI Processes )
Technologies) Points Devices

= |mplementation of a dedicated
system of imaging cameras and
RDSEC temperature sensors

= |mproved identification and rapid

Devices (14.0 Contact Necessary Developments of ‘

Visual information on
staff daily health
check, VisH (AT CL

= Aiming at detection of other
symptoms of infection
= Adaptation of visualization

TW SW) notification of cases of infection technologies for hotel convenience
= |mplementation of an additional app
andfor  sensor  following  people’s | _ Development of an easily
Warning and guide I.ocaFt|or)r lanning of .| implemented automated system to
system on RTLS aclitate planning of room capacity manage the movement of people
WarlL, (AT VR/AI7Q TRDSEC ?ndF%léﬁﬁ;;amc decision-makin o and robots on the hotel premises
TW SW CL) 9 €9 1. Data security and privacy

about the relocation of guests
= Facilitate identification of threats,
€.g. On excursions

= An additional step for a process
allowing guests to disinfect their | = Safer for people and not

protection

Convenient and safe

disinfection cabins, RSE . . . -
belongings harming belongings disinfectants
DesC (AT) .
= |mportant usability for guests
Cash and paper = Improvement of the provision of
document P P = Development of rapid and safe

TR services involving cash transactions

disinfectors, CasD . disinfection methods
and document creation
(AT)
. . - = Technological standard
E-billing, EbIG (AT = Speeding up the bhilling process
CLTW) R through paperless transactions commonly accepted

= Changes in the legal system

Source: own study

Many hotel chains use KioS and VoiK to improve the check-in process, including Accor Hotels, Choice
Hotels International, Hilton Worldwide, InterContinental Hotels Group and Marriott International. Some examples
of commonly used Self Service Technology (SST) include KioS, pay-at-the-pump gas terminals, movie ticket
kiosks and automatic hotel checkout machines (Heng 2018). The kiosks in its current state are a half-way
solution, they ensure a good social distance, however still leave the risk of spreading pathogens by touching
surfaces. The challenge is to have anti-microbial POS screens and/or keep screens microbiologically clean
(Malbec 2020).

KioS can be adapted to individual needs both visually and technically (e.g. built-in loyalty card modules,
payment terminals, voice recognition systems). KioS's main tasks include check-in and check-out without
contacting the reception, which significantly increases the level of epidemiological security. KioS can
automatically issue cards or print codes for electronic locks. Another advantage of KioS is the ability to change
the application language, which greatly simplifies the use of the technology by guests from different countries. It is
quite convenient in the case of requests for amenities, additional services, room changes, special promotions for
frequent guests and other hotel services. The data entered to KioS can be sent directly to CL-based management
systems (Stamenov 2018).

The use of KioS and VoiK self-service kiosks may be a solution that streamlines work at reception, not
only speeding up the check-in process, but also personalizing the entire process. A SOTI survey (2018) showed
that 66% of consumers prefer self-service technology over interaction with retail associates. According to another
study, 30% of restaurants in Singapore use kiosks (Heng 2018). Benefits include reduction in waiting time,
reduction in operating costs, improvement in customer service, reduction in the reliance on staffing (Heng 2018).
Challenges and hindrances include customer mindsets that are difficult to change, different rates of acceptance of
new technologies, limited technological options, and technical breakdowns [failures] (Heng 2018).

Artificial voice processing has been very widespread trend for several years, from Siri Apple, through
Google Assistant and Amazon Echo, to Microsoft's Cortana, but only recently integrated into hotel areas is voice
control of devices. For hotels, VoiK provides a range of new opportunities, from enabling employees to
communicate more quickly with each other to allowing them to offer new and more exceptional experiences to
hotel guests. Malbec (2020) suggests voice control be employed in kiosks to ensure biological security.
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DelR and AccR service robots can interact and communicate with as well as deliver services to customers,
allowing for a significant reduction in direct human involvement during the provision of service. They are used to
deliver a range of services, from the very simple (e.g.: booking, payment, welcome/goodbye, check-in/check-out)
to the more complex (e.g. handling customer inquiries, providing product recommendations) (Berezina et al.
2019, Choi et al. 2019, Ho et al. 2020, Yu and Ngan 2019). Their use eliminates a physical human to human
contact. For example, the Yotel hotel chain uses room robots to serve its guests, Hilton hotels have introduced
robots as their hotel porters and Pepper robots are used to respond to customer inquiries at hotels and airports
(Wirtz et al. 2018). Henn na Hotel is mostly manned by robots, including reception agents, porters, room
assistants and a robot handling the luggage storage room (Rajesh 2015, Wirtz et al. 2018). Many more examples
of robot applications in hotels are reported by other sources (Castrodale 2016, Miller 2018, Neild 2016, Lukanova
and llieva 2019, Price 2017, Silverstein 2020, Tussyadiah and Park 2018).

Huang and Rust (2018) distinguish four levels of intelligence: mechanical, analytical, intuitive and
empathic. Mechanical intelligence refers to routine and repetitive tasks. Analytical intelligence requires analysis of
needs, troubleshooting and the use of machines that execute complex but systematic and foreseen tasks (also
called weak Al). Analytical intelligence mainly encompasses data processing algorithms (e.g. accounting and
consulting services). Intuitive intelligence is associated with the ability to process complex information, with
creativity and holistic thinking and activation in new situations (also called strong Al). Huang and Rust (2018)
regard the ability to experience things as a characteristic of empathic Al. There is a consensus in the literature
that the first three levels of artificial intelligence will develop strongly in the near future and that robots will become
the dominant means of providing services.

However, there is a serious debate about whether robots will effectively provide emotional and social
services at the same level that people do (Lu et al. 2019). Preliminary studies show that people prefer more
human-like non-verbal robot behavior over robot-specific behavior (Rosenthal-von der Pitten et al. 2018). For
example, in one study, when a robot was given human characteristics such as head, trunk and shoulders, people
worked with a robot longer than when they interacted with a robot without a body (Rodriguez-Lizundia et al.
2015). In addition, when a robot makes eye contact in a human-like manner, a person is more ready to stay in
contact with the robot. Riek et al. (2009) explains such research results with simulation theory, according to which
people mentally simulate the situation of others to understand their mental and emotional state. The more similar
to us an observed object is, the easier it is for us to simulate its feelings and the easier it is for us to feel empathy.
This is extremely important in the context of the use of DelR and AccR in the HI and creating a friendly
relationship between the machine and the customer, as well as earning full confidence in the robotic devices
used. According to a study using DelR and AccR can be a key way to create a unique hotel experience (Cain et
al. 2019). At the same time is beneficial to deal with epidemiological risk, Ivanov and Webster (2017) report that if
there are dangerous or unhygienic conditions, the use of a robot is more cost effective than the expense of
paying a person and for the protective clothing and equipment required.

There are known cases of DecR robots being used to disinfect rooms and corridors (Samarrai 2020).
Another example is UVD Robots, in which a device emitting UV radiation in a 360-degree radius was placed on
an autonomous mobile robot (Banker 2020). DecR uses sensors and simultaneous location and mapping (SLAM)
technology for fully autonomous navigation. According to Banker (2020), the disinfection process is much faster
than when people are employed, and the hospital room is usually disinfected within 10-12 minutes.

There are many examples in the literature of the use of VR/AR technology. These include mobile
applications for smartphones (Chung et al. 2015, Rauschnabel et al. 2017), smart glasses (tom Dieck et al.
2016a), Google Glass (tom Dieck et al. 2016b), head-mounted VR displays (Marasco et al. 2018), GPS-coupled
AR applications (Han et al. 2018), and printed AR advertisements (Yaoyuneyong et al. 2016). The hotel industry
is increasingly using VR/AR technology. It allows the digital transfer of potential customers to the hotel or their
destination. VR/AR makes it possible to present the hotel virtually as well as to view nearby attractions. According
to llhan and Celtek (2016), thanks to VR/AR, hotel chains are better able to identify the purchasing preferences of
their potential customers and enter into their awareness more effectively. The tourism and hotel industries also
have high hopes for TouD technology. Jung et al. (2017) qualitatively studied the experiences of tourists with VR
content created using TouD, using the Lake District National Park as a case study. Their findings reveal the
potential of using VR/AR and TouD to engage tourists and increase their desire to visit destinations. Moura et al.
(2017) compared the impact of different communication media (VR/AR, websites and brochures) on the
behavioral intentions and observations of older Germans in a four-star hotel. It tumed out that the VR/AR
significantly effected a higher level of travel intentions compared to two other media. Griffin et al. (2017)
compared the impact of the targeted promotional material viewed in VR with other forms of visual promotion
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(video and websites). The study showed that VR is a more engaging form of advertising that helps evoke more
positive emotions in people.

An increasingly significant trend, including in the Hl, is the use of an growing number of devices forming a
network of physical buildings, systems, platforms and applications that have the ability to communicate and share
data with each other, their external environment, and with people. Such solutions include information markers
with touch or presence sensors (VisM), thermal imaging cameras and temperature sensors, and RTLS location
systems (Warl). An appropriately calibrated individual identification system allows these devices to interact and
cooperate with each other in order to achieve common goals, e.g. gathering information about the health and
location of staff and guests. Such aggregated information can be presented on screens using VisH. The key
usability of VisM and VisH is based on the very clear, easy to see and credible information presented to the
guests. Other examples of uses are biometrics and personal recognition technologies. An example that could be
given here is the FlyZoo Hotel - Alibaba Future in China, where a facial recognition device replaces keys and
magnetic cards. In general, biometrics may eventually become an all-in-one technology, optimizing all stages of
guest travel. An example of the use of Warl is the fully automated Ekahau RTLS system, which continuously
locates personnel and equipment on site. Location is tracked in real time and the data is sent via the local
network to authorized users (Ekahau 2020). In terms of maintaining an appropriate level of epidemiological safety
and increasing the social distance, VisM, VisH and WarlL devices connected to a common network should be
assigned a special role. WarL solutions can also help to increase the sense of security for hotel guests. Examples
include the Sodar app (Sodar 2020), which helps people to stay two meters away from other people or the
TraceTogether app (Panetta 2020), which uses Bluetooth to track interactions between users of the application.

In the process of providing hotel services, a large amount of data is generated from sources such as
mobile transactions, user-generated content, social media, websites, sensors, etc. Systematic collection of this
data gives hotel companies great opportunities to (1) gain better insight into customer interactions and behavioral
patterns, (2) develop more effective strategies to improve business performance (McAfee and Brynjolfsson 2012,
McColl-Kennedy 2019), and (3) optimize business processes (Malthouse and Li 2017). Organizations can even
collect data in real time and then use it to improve services as they grow (Lim et al. 2019). The benefits of this
use of data are demonstrated by the studies by McAfee and Brynjolfsson (2012). They found that CL based
companies are 5% more efficient than their competitors and up to 6% more profitable. Large companies that
provide accommodations are able to record a vast number of complex interactions during so-called increased
consumption, often in real time (Buhalis and Sinarta 2019). Hotels that use CL can collect customer satisfaction
data and use social media announcements to determine what changes should be introduced in future market
offers (Line et al. 2020).

Additional important usability for hotel guests can be provided by the decontamination cabins for their
personal belongings (DesC) available on request. Test results (van der Veen 2020) revealed that coronavirus is
sensitive to ultraviolet and heat. Exposure to 56°C for 30 minutes and lipid solvents such as ether, 75% ethanol,
chlorine-containing disinfectant, peracetic acid, and chloroform can effectively inactivate the virus (van der Veen,
2020). Such features of coronavirus caused that nowadays there is a large number of different devices, such as:
box, tunnel, chamber, gate using the above-mentioned methods of disinfection. The disinfection procedure
usually consists of automatic exposure or spraying of the disinfectant inside the chamber where the objects are
placed. A condition for the widespread implementation of DesC is the development of effective, fast, safe for
users and environmentally friendly disinfection methods.

It can be concluded that, in the context of epidemiological risk, solutions promoting cashless payments are
highly beneficial and eliminate one element of contact with an infected person. It should also be noted that
cashless payments cannot be the only acceptable form of payment. Guests who are used to using cash on a
daily basis, may feel uncomfortable, put off and constrained if their ability to make cash payment for services is
restricted. In addition, the complete service, in most cases, requires paper documents. In this case, a CasD cash
and paper document disinfection devices may be helpful. Cash disinfection methods are used in practice, e.g.
with UV-C light and high temperature or using ActivePure® RCI technology (Activetek 2020). The obstacle here is
the lengthy time the decontamination process requires and its destructive impact on documents with current
equipment.

Malbec (2020) also discusses offering e-receipts in lieu of paper. With EbIG solutions for reporting and
monitoring the status of the receipts and invoices issued, it is possible to more quickly and effectively identify
where there are significant delays and take appropriate steps before late payments affect the company's liquidity.
However, the motivation for such an arrangement is to protect guests from possible transmission of infection
through paper printouts. This also has a symbolic meaning for guests' subjective sense of safety. EblG relieves
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employees who can then devote time to other tasks. The automation of invoicing processes within internal
financial systems also improves the time frame by reducing human errors and improving invoicing accuracy.
Legal systems in countries that require paper-based documentation may be an obstacle.

4. Discussion

There is no doubt that the human component is essential in the HI. Hospitableness is a nodal point of this
kind of service, hospitableness and the human component are what make the product special (Tasci and Semrad
2016). The dimension of hospitableness in the hotel industry facilitates favorable experiential outcomes (Mody et
al. 2019). Since “consumers seek positive hedonic emotions in the consumption process” (Ding and Tseng 2015,
998), service providers induce positive hedonic emotions through the whole of their customer service paths.
These emotions appear whilst service products are co-created; however, some authors suggest that value co-
creation and co-destruction should be studied together (Tuunanen et al. 2019, Li and Tuunanen 2020),
particularly when considering the implementation of technology into service processes. Value co-destruction
refers to customer perceptions of goal prevention or net deficits (Prior and Marcos-Cuevas 2016, Jarvi et al.
2020) when customers do not achieve their desired goals and negative perceptions occur or when they face
excessive costs in doing so.

The concepts of service value co-creation and co-destruction form a convenient framework for discussion
the consequences of the implementation of technological devices in the HI under the conditions of pandemic
restrictions. Therefore, each technological device concept is analyzed in terms of the additional value delivered to
the customer and the value lost by the customer, along with challenges for hospitality operators. Oertzen et al.
(2018, 670) mention several aspects of co-creation, namely the personal dimension, the social dimension, which
relies on developing relationships, the enjoyment experienced during collaborative activities (the hedonic
dimension), the new knowledge and skills gained (the cognitive dimension), the monetary compensation (the
economic dimension) and the improvement of service—customer fit (the pragmatic dimension). All these factors
must be considered whilst discussing the technological device concepts elaborated in the previous chapter. A
systematic summary is given in Table 2.

All the devices, which are quite close to wide scale use and those that still require some time to be applied
en masse could in fact substantially support the perception of being protected against Covid-19. There are
solutions which are applied to assisting with the maintenance of social distancing, both between staff and guests
as well as between guests, there are solutions supporting undertaking disinfection measures, early detection of
possible threats along with information provided to guests which gives them a sense of being secured. Some of
the devices combined several of the functions mentioned above. For example, visual devices such as VisH and
VisM aim at forcing the service system to make health checks and disinfect equipment, which is absolutely
crucial, but at the same time, the reliable visual information provides guests with a strong impression of being
looked after and microbiologically secured.

As presented in Table 2 all the devices might lead to some value destruction. First of all, it is connected
with a novelty in itself, much more so when the novelty is a technology, it quite very often provokes resistance
(Cobos et al. 2016, Takayama and Pantofaru 2009). At the same time a new added value far exceeds merely
protection against the threat of the virus. The technologies as proposed in this study can, for example, noticeably
increase the accessibility to some services typical in the HI, provide quite tailored and individualized treatment to
guests, and many more positive experiences. This is consistent with what the literature supposes in terms of the
positive service experiences that result from the implementation of new technologies. According to Kabadayi et al.
(2019) smart service provides empowerment, a seamless experience, enjoyment, privacy and security, and
precise delivery of service. Samala et al. (2020) also report that Al implemented in tourism services make them
automated, customized and insightful, while it additionally allows travelers to learn about their behaviors, interests
and inclinations and provides a personalized experience. The set of pandemic technological devices presented
here along with their evaluation from the point of value co-creation/destruction supports the claim that the benefits
from the implementation of technology in the HI might far exceed protection of guests alone.

The identified value components are mostly hedonic, social and personal in nature (according to
systematization by Oertzen et al. 2018). These components require special attention when technologies are
being applied to HI processes. Robots operate autonomously and Al support can to a great extent engage
customers on a social level (Van Doorn et al. 2017, Colby and Parasuraman 2016), which is something self-
service technologies usually cannot do (Colby and Parasuraman 2016). Some carefully designed and intelligent
combination of human and automated services (Aarthy and Badrinarayanan 2019) is what should be advised in
this regard.
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Table 2. Consequences of the implementation of protection technologies for value co-creation

Additional Value to the

Value Destruction to the Customer

Service Providers’ Challenges

Customer
= High availability and | = Fear of an unusual situation that | = Ensuring frequent use without
convenience requires human assistance spreading infection
KioS = Fear of using this type of device | = Appropriate number  and
(in particular older people) placement of devices in the hotel
space
= High availability = Need to learn and practice new | = Appropriate number  and
= Convenient contact with a | behaviors placement of devices in the hotel
VoiK machine = Lack of full confidence in voice | space
= |mitating  contact  with | technology, fear of not being | = Matching algorithms (Al) to a
humans understood and left without | guest’s profile and culture
assistance
= Higher flexibility in terms of | = Limited real-time | = Training and teaching staff how
deliveries to rooms, e.g. meals | responsiveness to handle
DelR = Increased sense of security | = Deficiency of human-human | = Organizing the hotel space to
= Higher availability ~ of | relations accommodate delivery robots
services
= Better  accessibility to | = Fear of the occurrence of an | = Adapting devices to individual
AccR information and guidance unusual situation service applications
= Better comfort because of | = Lack of trust in robotic devices | = Teaching guests to use and trust
an individual guest carer and privacy protection AccR
= Eliminated restrictions to | = Limiting the range and level of | = Training and teaching staff how
accessibility to difficult to | impressions to use
TouD access but attractive places = Supplementation of existing
means of tourism transport with
drones
= Directly increased sense of | = Lack of trust in the quality of | = Development of a disinfection
security work performed by the robot system that is safe for people and
DecR = Fear about the health | equipment
consequences of the methods | = Ensuring transparency of the
used operation of equipment
= Directly increased sense of | = Possible fear of negative effects | = Placing appropriate markers on
. security on health each device in the hotel and
VisM o - . L
= Facilitates decision making maintaining them
regarding how to spend time
= Directly increased sense of | = Discomfort with monitoring of | = Assurance of employee privacy
VisH security activity and health status
= Privacy concerns
= Improved  planning  of | = Perception of privacy threats = Integration of all devices and
Warl activities during the stay = Sense of restricted freedom clear and understandable display
= |Increased sense of security of the results of data processing
= |mportant safety system | = A fear of the effect of a | = Rearrangement of guest zones
DesC option disinfectant for health and guest's
= Experience of being looked | stuff
after by the host
= Increased sense of security, | = Possible fear about the health | = Introduction of  appropriate
CasD if information is entered consequences of the methods | devices, including self-service on
used demand
EbIG = Faster ftransactions and | = Fear of unauthorized use of data | = Introduction of the system
settlements

Source: own study
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Researchers suggest greater anthropomorphism, which could be achieved by robots being given an
apparent or implied gender, ethnicity, culture, and even age (Takayama and Pantofaru 2009, Belanche et al.
2020), by the use of human instead of robotic names or claims of human-like skills (Araujo 2018). However, in
regard to the proposed devices the most important might be to create a vivid impression that a real human, in real
time, is standing in a distance behind these machines. This can be achieved by individualized messages and
remote voice and visual contact with service staff. Tangibles and responsiveness are two significant factors that
positively affect the general expectations of guests in Al-based robotic hotels (Zhang and Qi 2019).

The idea of this study is to present concepts of useful technological devices; however, these are not
devices currently used on a wide scale. They are on different levels of technology readiness; the necessary
developments are presented in Table 1 above. It would appear that those with greatest chances for rapid
development in the future are KioS, VoiK, WarL and EbIG. This is suggested by the high prevalence of similar
solutions already introduced in hotels and catering services. The development of DelR and AccR devices may
face certain obstacles related to the safety of their use and their social acceptance. Certain concerns regarding
their acceptance may also be raised by the development of Warl in terms of tracking people, as indicated in
Tables 1 and 2.

The introduction of new technologies is inherently linked to the problem of their social acceptance (Davis
and Venkatesh 1996). Early adopters are the best group to start introducing new technologies to, as they are
people who travel a lot, enjoy personalized interactions and are spontaneous. As the literature indicates (Cobos
et al. 2016), a technology is more likely to be accepted among users if it is perceived to be easy to use.
Therefore, as technology is being developed, particular attention should be devoted to making it easier to use the
devices, increasing the intuitiveness of use, with a strong emphasis on their usefulness. Observing this condition
in the development of the technology will mitigate many of the factors of value destruction indicated in Table 2,
increasing the chances of achieving good occupancy of recreational spaces and high guest satisfaction, even
under the conditions of a persistent pandemic.

Conclusions

Under the conditions of an epidemiological threat, hotel companies find themselves under enormous pressure
from reduced demand, as well as the absolute necessity to ensure the safety of their guests. This study proposes
twelve technological device concepts which might noticeably support HI operators in fulfilling pandemic
restrictions assuring maximum safety of guests. The devices are at different stages of readiness to use, from
cases which are already used in the industry on a limited scale, to concepts which are very likely to be developed
because they share very similar components with some already used, e.g. in different industries. The proposed
devices provide solutions regarding social distancing, between staff and guests as well as between guests,
disinfection of spaces and equipment, early detection of threats of infection, information and guidance; at the
same time, they aim at making full use of leisure and other hospitality services possible.

As value analysis has shown, devices implementation can provide many more benefits to hospitality
operations, mostly by improving accessibility and individualization. However, their implementation requires a
carefully considered combination of human and machine services. Robots need to make a real human impression
— preferably by the staff being in remote contact, which assures the perception of real hospitableness. Another
issue is increasing the anthropomorphism of machines, which is a general challenge in the development of
automatization and robotics. One more important issue is to make the technologies easy to use, which makes
them more likely to be accepted by guests.

The set of pandemic technological devices presented in this study meet the urgent and clear needs of
protection against the threat of the virus. As it was demonstrated the technology can change to a far extent
hospitality processes allowing to take advantage of the services in a safety manner. Hospitality operators and
technology suppliers to the industry can follow the concepts elaborated in this study. The possible/necessary
developments provide frameworks for device improvements, value analysis can help hospitality operators in a
reasonable implementation of presented devices, part of them will be very beneficial even beyond pandemic
period. This is a practical meaning of this study.

The study allows also a more general conclusion that the spread of the pandemic all over the world, which
is truly damaging to the industry, at the same time provides a very important opportunity for hospitality operators
to start the transformation towards Industry 4.0. A strong need may be the most effective causative agent for the
industry. It should be emphasized that in such a pandemic situation it is much easier for guests to accept a
technology. The enterprises which start the transformation earlier might win a competition game of future position
in the sector. The intensive work by researchers and technology developers is absolutely indispensable. The
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issue of the implementation of technology to HI operations generally needs to be studied more intensively. This is
a conceptual study; the particular technology developments need to be investigated empirically.
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