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This issue of Electronic Markets includes a comprehen-
sive special issue section on artificial intelligence (AI) and 
robotics in travel, hospitality and leisure (THL). THL may 
be conceived as sub-sectors of the tourism industry, which 
Cook et al. (2018) compare to an elephant: “diverse and 
sometimes hard to describe, but, just like the elephant, too 
big to be ignored” (p. 6). Among the areas they mention are 
attractions and entertainment, food and beverage, accommo-
dations, destinations, travel agencies and transportation. The 
information systems literature has recognized the elephant 
since many decades and Electronic Markets has published 
the first set of articles already in its second year of appear-
ance, which dates back to 1992. This special issue in volume 
two was on “electronic markets in the tourism industry” and 
included six (short) papers, while a second special issue on 
“electronic markets in tourism” with eight papers followed 
in 1996 and a third special issue on “smart tourism” with 
five papers in 2015. As shown in Table 1, the topics of most 
of these papers revolved around applying information sys-
tems for marketing, sales and distribution purposes in the 
respective sub-fields of tourism.

This is not surprising since the tasks related to the  
tourism areas primarily consist of information. In supporting 
coordination, the activities of marketing, sales and distribu-
tion are largely based on information and as already men-
tioned by Nicholas Negroponte in his seminal book “Being 
digital”, substituting analog with digital information tech-
nologies has fundamental transformation power. Compared 
to atoms, bits will not wear out, they may be reproduced at 
zero cost and they move at light speed (Negroponte, 1995). 
Among the early examples that illustrate the implications 
on tourism are the computerized reservation systems (CRS) 
that spread from airlines to destinations, hotels or cars and 
changed the industry structures with new actors (e.g. CRS 

spinoffs, online travel agencies) as well as new products and 
processes (e.g. self-booking, co-creation). At the same time, 
Negroponte mentions that “bits are not edible. In that sense, 
they cannot stop hunger” (Negroponte, 1995, p. 228). For 
tourism, this is obvious in the restaurant sector, where food 
will not be amenable to virtualization, but it also applies to 
many other sectors in tourism that comprise a physical com-
ponent, such as accommodation or physical transportation.

Hard and soft robots

The relationship between the analog and digital represen-
tation of data is at the heart of the concept of digitaliza-
tion (Alt, 2018) and the process of digital transformation. If 
analog formats are amenable to being digitized (e.g. pictures 
from a destination) or being substituted (e.g. physical board-
ing passes) by digital objects, the physical form may become 
obsolete. The miniaturization and networking of computing 
devices had a profound impact on providing, accessing and 
managing formerly analog data almost anytime from any-
where. Where the physical objects could not be virtualized, 
computing devices were infused (or attached), which linked 
them to the virtual world. While the term cyber-physical 
systems (CPS) reflected this link rather properly, the often 
synonymously used term of smart products suggested that 
the products also assumed some form of intelligence. This 
is reflected in the papers on smart mobility (see rows Vol. 
29 and Vol. 31 in Table 1), which included algorithms from 
artificial intelligence (AI) and approaches from collective 
intelligence. Some of these articles were part of Electronic 
Markets' special issue on smart services, which also com-
prised a paper on smart service systems that mentioned 
robots in automotive manufacturing as one form of smart 
products (Beverungen et al., 2019).

Remarkably, another search among the Electronic Mar-
kets papers in the Springer Link database revealed that the 
notion of robots is mentioned in 29 papers (as of August 
24, 2021) and that most hits were either online first papers 
or research that referred to software robots. One example 
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of the latter is the fundamentals paper on robotic process 
automation (RPA) by Hofmann et al. (2020), which con-
ceives software robots as technological modules that “auto-
mate processes originally operated by human work” (p. 99) 
and expects them to become more intelligent by adopting 
AI technologies. Other contributions in Electronic Mar-
kets referred to robots as bots that support the interaction 
between humans and application systems (e.g. Stoeckli et al., 
2020). This software side of robotics complements the view 
whereas robots are physical in nature and is reflected in the 
definition whereas robots are “physical and virtual technolo-
gies that engage in embodied actions” (Robert, 2018). In 

addition, Matarić (2007, p. 1) points at the Czech origins of 
the term robot, which emerged as a combination of “rabota” 
for “obligatory work” and “robotnik” for “serf”. Robotics 
may thus be conceived as an interdisciplinary field that com-
prises two forms of automation to perform activities, which 
are similar to or formerly performed by humans:

• Physical robots (“hard robots”) have seen large pro-
gress in the field of manufacturing and much research is 
available from the engineering sciences where concepts 
such as Industry 4.0 foresee a high degree of integration 
and interaction between physical robots. More recently, 

Table 1  Coverage of tourism topics in Electronic Markets (GR: general research, SI: special issue, *: tourism SI)

Issue Title of article

Vol. 2 (1992), SI (in German)* • Electronic reservation systems
• The multimedia-tourist information system SI-TOUR
• Computer-based travel distribution systems and their interorganizational implications
• TIS- the Tirol information system
• EUROTOP – a European project to develop the electronic travel catalog
• TRAVISWISS – New paths in sales and distribution

Vol. 5 (1995), GR • The emergence of electronic market systems in the European tour operator business
• Electronic markets in tourism—constraints and opportunities

Vol. 6 (1996), SI* • Enhancing the competitiveness of small and medium-sized tourism enterprises
• Beyond Viewdata
• User-driven applications of advanced networks for electronic marketing of tourism products
• TIM and SAM—use of technology to create new business relationships for tourism
• EURO-LOG: a system for IT-based logistic integration
• Jerseylink: the island of Jersey central reservations system
• Info Austria / Eurostart Austria: The All-Austrian tourism information and reservation system

Vol. 6 (1996), GR • The four global distribution systems in the travel and tourism industry
Vol. 7 (1997), GR • The main national travel and tourism distribution systems in Britain and Germany

• Gulliver—distributing Irish tourism electronically
Vol. 8 (1998), GR • Distribution of Danish tourism products in Europe—status, trends and challenges

• Re-engineering travel agencies with the world wide web
Vol. 9 (1999), GR • Electronic markets in transport: comparing the globalization of air and rail computerized reservation systems

• ICT and the changing landscape of global tourism distribution
Vol. 10 (2000), GR • Destination Maui? An exploratory assessment of the efficacy of self-booking in travel
Vol. 12 (2002), GR • Consumer attitudes and mobile travel portal
Vol. 13 (2003), GR • Assessing motivation of contribution in online communities: an empirical investigation of an online travel 

community
• Emerging pricing strategies on the web: lessons from the airline industry

Vol. 17 (2007), GR • Tourism and travel electronic commerce in China
Vol. 19 (2009), GR • Designing for reintermediation in the brick-and-mortar world: towards the travel agency of the future
Vol. 24 (2014), GR • Designing for mobile value co-creation—the case of travel counselling

• A service innovation evaluation framework for tourism e-commerce in China based on BP neural network
Vol. 25 (2015), SI* • Smart tourism: foundations and developments

• The application and impact of gamification funware on trip planning and experiences: the case of TripAdvi-
sor’s funware

• How does hotel attribute importance vary among different travelers? An exploratory case study based on a 
conjoint analysis

• Mineable or messy? Assessing the quality of macro-level tourism information derived from social media
• Smart technologies for personalized experiences: a case study in the hospitality domain

Vol. 29 (2019), SI • User preferences and willingness to pay for in-vehicle assistance
• Enabling crowdsensing-based road condition monitoring service by intermediary

Vol. 31 (2021), GR • Smart mobility – an analysis of potential customers’ preference structures
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robots have appeared in service industries like health-
care, transportation or banking. For example, financial 
service providers have conducted experiments with Soft-
bank Robotics’ “Pepper” robot for customer interaction 
in branch offices, hospitals with Intouch's “Vita” robot 
for patient interaction and logistics companies with Bos-
ton Dynamics' “Atlas” robot for goods handling in ware-
houses.

• Virtual robots (“soft robots”) in contrast were rather 
driven by computer science and information systems dis-
ciplines. These robots execute one or more automation 
artifacts (e.g. a business process) sequentially or simul-
taneously and may be rather static in nature (e.g. when 
transferring data between systems like in RPA) or feature 
higher levels of autonomy when equipped with AI (e.g. a 
robo-advisor that autonomously orders and restructures 
portfolios). Soft robots have seen adoption in financial 
service companies for automating advisory and backof-
fice tasks, but also in healthcare for advising patients and 
doctors.

Obviously, hard and soft robots are not mutual exclusive 
categories. In fact, like each computing system, the hard-
ware of a physical robot will also require a software compo-
nent for activating and controling the hardware functions. If, 
for example, the humaniod Pepper advisor in a bank offers 
financial advice, it might also include or have access to a 
robo-advisor soft robot. Similarly, the autonomously driving 
vehicles or the recently presented humanoid robot from Tesla 
rely on a close combination with AI systems (Elliot 2021).

Autonomy and digital twins

In particular, hard robots have appeared early on in many 
science fiction novels and come with scenarios where these 
machines take over and dominate humans. This might be 
largely due to the close link with autonomous behavior, 
which is regarded as a key characteristic of robots. Follow-
ing the definition of (Matarić 2007), a robot “acts on the 
basis on its own decisions, and is not controlled by a human” 
(p. 2). However, similar to the associated notion of intel-
ligence, the requirement of autonomy has been debated by 
many researchers. In fact, most of today’s physical and vir-
tual robots will neither comply with such complete independ-
ence from human control nor is it clear whether this high 
level of full autonomy would actually be a desired state. The 
idea of an “autonomy continuum” has therefore been sug-
gested, which conceives autonomy to exist in many forms 
on a continuum ranging from no autonomy to full auton-
omy and relates autonomy to the application purpose (Beer 
et al., 2014). While in standardized routine environments 
largely deterministic rule-based systems like RPA might 

be appropriate, robots with more adaptive skills based on 
stochastic reasoning might be required for higher complex 
tasks. A critical ingredient for attaining advanced levels of 
autonomy is AI, in particular the capabilities in learning and 
adaptive behavior, which depend on the respective algorithms 
and - even more important - on the inclusion of additional 
data. Although these may be included in a soft robot sys-
tem, adding another (cyber) layer (see Aheleroff et al., 2021) 
for monitoring the system and for coordinating its interaction 
with other systems has emerged with the concept of digital 
twins. With origins in the field of manufacturing, a “twin” 
was seen as a digital model or replica of a physical asset that 
could then be simulated and improved more easily. For exam-
ple, crash tests of a vehicle's digital twin could be performed 
much more efficiently than with the physical counterparts. In 
this sense Barricelli et al., (2019, p. 167, 656) define digital 
twins “as (physical and/or virtual) machines or computer-
based models that are simulating, emulating, mirroring, or 
''twinning'' the life of a physical entity, which may be an 
object, a process, a human, or a human-related feature.”

Today, the digital twin concept has spread across many 
application domains, such as cities, health, energy, airports, 
transportation, logistics or agriculture (Kim et al., 2021, p. 
10). Similar to the autonomy continuum, Kim et al. (2021, 
p. 62) distinguish five levels of maturity for digital twins, 
which reach from mirroring, monitoring, modeling and sim-
ulation to federated and autonomous. While they mention 
examples for the first three maturity levels (i.e., monitoring, 
modeling and simulation), the higher levels of federated as 
well as of autonomous twins are still considered fields for 
future research without existing implementations. They also 
confirm a growing application of digital twins in service 
industries, where the maturity is assessed as being lower 
compared to manufacturing industries. This might be related 
to the immaterial nature of services since a digital twin 
would then refer to the representation in the software itself, 
i.e. a customer profile in a customer relationship manage-
ment system or the booking status and capacity utilization in 
a reservation system. However, compared to an application 
system, a digital twin is more specific and would represent 
resources in these systems (e.g. a customer, a hotel or restau-
rant location, a transportation vehicle). In addition, digital 
twins have been suggested for soft robots. For example, in 
the field of RPA the digital twin concept was proposed for 
development and testing purposes. As “a virtual shadow of 
an IT system” the twin “allows developing RPA externally 
without having access to the real system.” (Wewerka & 
Reichert, 2020, p. 12). Digital twins would then complement 
the software robots and contribute a certain (more advanced) 
level of autonomy. Two areas should be mentioned:

• Customer empowerment. Robotics in the form of digital 
twins could enable a move towards stronger customer-
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induced service orchestration and control. As mentioned 
in an Electronic Markets position paper (Alt et al., 2019), 
service customers in many industries are confronted with 
information asymmetries with regard to service provid-
ers and intermediaries. For example, travelers still lack 
support when configuring more complex service bun-
dles or when changes during service production occur, 
e.g. a flight is delayed and the connecting journey needs 
to be rescheduled. Similarly, the patient pathway in 
healthcare typically involves multiple service providers 
and patients often lack the transparency on the overall 
course of the treatment (see Alt & Zimmermann, 2021). 
Instead of agents that act on behalf of a principal, twins 
would rather be close representations of the principals 
themselves. They could support travelers and patients 
alike in becoming empowered. Examples towards such 
a self-determined life of citizens are robots in the form 
of a digital shadow for monitoring activities and data, a 
digital me (or identity) for supporting standard decisions 
and a personal digital twin that takes over certain activi-
ties (Meister & Otto, 2019).

• Resource coordination. As an industry with virtual and 
physical elements, tourism will require the interaction 
of several resources, in particular, locations, employ-
ees and devices such as vehicles or kitchen equipment. 
On the one hand, autonomy might be added to these 
resources, which is based on the abilities of hardware 
robots to provide the necessary skills to collect data 
and fulfill the required actions (e.g., autonomous vehi-
cles, cooking robots or receptionist vehicles). Simi-
lar to the customer side, autonomy could come with 
digital shadows for monitoring and sharing status data 
with other resources as well as with (pro)active func-
tionalities to automate standard coordination activi-
ties for replenishment or availability requests. Digital 
twins could also take over more complex negotiations 
in decentralized autonomous coordination scenarios. 
While this resembles the customer side, a major dif-
ference of interactions among service providers will be 
that digital twins are complementing existing applica-

tion systems for master data, bookings or recommen-
dations (see Fig. 1). On the other hand, digitalization 
could help in virtualizing physical elements in tourism. 
This could apply to moving meetings or events to vir-
tual spaces like videoconferences or even virtual reality 
“metaverses” where digital twins meet.

Implications

Obviously, these two areas illustrate the potential of robotics 
and AI for the field of tourism. For a journal like Electronic 
Markets, this represents a broad and interdisciplinary field 
of research between engineering (e.g. for physical robots), 
computer science (e.g. for AI), information systems (e.g. 
for inter-robot coordination) and also psychology (e.g. for 
human–machine interaction). Three implications shall be 
addressed: 

• First, the field of robotics promises potentials for the 
actors in networked business. For customers, robots 
might pave the way towards a broader coverage of entire 
customer journeys. Since these journeys typically include 
multiple actors, customers (or in other roles as patients 
or citizens) are often left alone in configuring and espe-
cially in reconfiguring their service bundles. Much like 
the robo-advisors in the finance domain, digital twins 
could become “guiding angels” that serve individuals in 
coordinating and restructuring their service portfolio - a 
task that will especially prove valuable in time-critical 
situations (e.g. a missed connecting flight, a critical chief 
complaint in medicine). On the provider side, robots have 
been applied in digital platforms early on. In a general 
form, the functionality of search engine relies on robots 
that automatically crawl web presences and compile the 
results. Similarly, in an effort to improve market transpar-
ency, price search and comparison agents were developed 
such as Bargain Finder or Auction Bot and gave rise to 
intermediaries for product brokering, merchant broker-
ing as well as for negotiation (Guttman et al. 1999). In 
the same vein, intermediaries and providers could use 

Physical layer

Digital layer

Cyber layer

• Digital replica systems for adding coordination and simulation 

functionalities (“digital twins”)

• Examples: Digital shadows, digital identities, autonomous twins 

• Application systems that include information on physical layer devices 

(“soft robots”)

• Examples: Booking and reservation, recommendation, tracking systems

• Physical resources with sensors, actuators, information processing skills 

(“hard robots”)

• Examples: CPS, humanoid robots, self-driving vehicles

Autonomy continuum

High Autonomous

Federated

Modeling & simulation

Monitoring

Low Mirroring

Fig. 1  Layers for robotics (based on Aheleroff et al., 2021 and Kim et al. 2021)
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these robots not only in monitoring their operations, but 
also in offering self-service for goods with an increasing 
complexity in their product descriptions and in automat-
ing customer service interactions. Finding the appropri-
ate balance between machine and human interactions in 
hybrid solutions that offer sufficient “human touch” will 
be challenging here.

• Second, the interaction of robots on digital platforms 
will bring new challenges. It may be expected that once 
physical and virtual resources alike possess a digital twin 
representation, much coordination among service provid-
ers will become automated. It might follow a path that 
has become visible with algorithmic trading in the area of 
financial exchanges where software robots autonomously 
(or within defined limits) initiate buy and sell orders. 
Among the developments were high-frequency trad-
ing strategies that aim at achieving small arbitrage with 
short holding periods as well as various forms of strate-
gic behavior. An example are countermeasures to robotic 
behavior such as manual confirmations on statements 
such as “I am not a robot”. It stems from the perception 
that transparency will not be in every actor's interest and 
lead providers to avoid being crawled. In addition, the 
financial markets have shown that the dynamics of inter-
actions between robots might generate undesired states 
on electronic markets with flash crashes being among 
the most well-known effects. Another possibility is algo-
rithmic collusion that refers to unexpected consequences 
when AI systems learn autonomously (Calvano et al., 
2020).

• Third, new forms of digital platforms are expected to 
emerge for robotics. This implication follows the last 
Electronic Markets editorial (Alt, 2021a), which recog-
nized “AI platforms” as a specific form of digital plat-
forms. An example in the context of robots is IBM's “dig-
ital twin exchange”, which aims at establishing an 
ecosystem for trading digital twins (see https://www.ibm.
com/products/digital-twin-exchange). An accompanying 
“digital twin kitt” tool in the Watson Assistant develop-
ment environment supports developers in creating these 
digital twins.

In summary, it may be assumed that robots take over 
many tasks from human actors and open a broad spectrum 
of design options - from networked business, to applica-
tions in digital platforms and dedicated digital platforms. 
Although they will not replace many physical parts in ser-
vice industries such as tourism, they may be expected to 
increase customer experience and resource coordination. 
While it should be clear that machines should always serve 
human actors, the varying interests of actors in economic 
and social life will also lead to different robotic behavior. 
Thus, rules and governance of these systems will become 

an important issue in the future besides the implications on 
industry, business processes and information systems. In any 
case, the field of robotics and AI should not be limited to 
technical design issues. This established insight is empha-
sized in an interview with Yao-Hua Tan from Delft Univer-
sity that is included in the present issue (Alt, 2021b). Based 
on observations from several large applied AI projects, it 
emphasizes the need for domain experts to be involved early 
on in AI projects and not to consider AI projects as purely 
technological projects.

Articles of present issue

Besides the interview, the present issue includes a total of 
13 papers with eight belonging to the special issue on AI 
and robotics in the THL field. These contributions address 
several issues of robotics that were mentioned above and will 
be introduced in the separate preface, which was authored 
by the guest editors Chulmo Koo, Zheng Xiang, Ulrike 
Gretzel, and Marianna Sigala (Koo et al., 2021). They see 
the post-pandemic THL industry on the verge of important 
transformations that affect both customer as well as provider 
interaction and also call for more multidisciplinary research. 
Many thanks go to the guest editors’ team, the authors and 
the reviewers, who dedicated much effort in making this 
special issue possible. In particular, we are grateful that 
Ulrike Gretzel also agreed to join Electronic Markets’ team 
of associate editors!

In the general research section of this issue, the first paper 
presents a comprehensive literature review on the adop-
tion of machine learning methods in information systems 
research. Based on their analysis of top-ranking journals, 
the authors Benjamin M. Abdel-Karim, Nicolas Pfeuffer and 
Oliver Hinz observe a reluctance of applying machine learn-
ing methods within information systems publications and 
call for “bridging the gap between the data-driven and the 
theory-driven research models” (Abdel-Karim et al., 2021). 
They expect that this could generate benefits for both sides, 
i.e. machine learning could enhance the body of knowledge 
on their use in organizations and society and information 
systems theories could contribute to applying machine learn-
ing in diverse industrial settings.

The second general research paper follows the recom-
mendation of Abdel-Karim et al. and adopts the k-nearest 
neighbor algorithm, which belongs to the field of shallow 
machine learning to predict whether crowdfunding project 
campaigns will be successful. Titled “Feature subset selec-
tion for predicting the success of crowdfunding project 
campaigns” Michael Joseph Ryoba was successful in iden-
tifying nine features that positively impact the success of 
project campaigns on such digital platforms (Ryoba, 2021). 
Among these features obtained from an experiment based on 



470 R. Alt 

1 3

Kickstarter data, are the project description length as well as 
the number of videos, updates, reward words, past projects, 
and comments.

The third paper is a fundamentals paper and presents an 
overview and introduction of the machine learning concept 
as a key area of AI (Janiesch et al., 2021). Besides catego-
rizing shallow and deep learning algorithms, it emphasizes 
deep learning since the approach has spread in the field of 
intelligent systems for electronic markets and networked 
business in general. The authors present four challenges in 
the context of electronic markets that reflect potentials for 
new markets and ecosystems as well as risks that need to be 
addressed, such as avoiding adversarial attacks or dealing 
with the problems of drift and bias.

The fourth paper is another application of machine learn-
ing and aims at predicting early purchase intentions in online 
session-based retailing systems (Esmeli et al., 2021). It rec-
ognizes the preference of users to remain anonymous when 
comparing offerings and after a session has ended. In their 
experiments the authors Ramazan Esmeli, Mohamed Bader-
El-Den and Hassana Abdullahi used five machine learning 
models and showed that users who are attributed a higher 
probability of intending a purchase, incentives could be 
offered in real-time, i.e. during a session. The underlying 
conceptual early purchase prediction framework is suggested 
as an enhancement to existing recommender systems.

The final paper investigates the autocomplete functionality 
that is visible in many websites when users enter a keyword 
and the systems completes these characters with possible (full) 
keywords. Contrary to existing research, the authors Eran and 
Amir Rubin focus on the diversion effect, which takes place if 
the proposed keyword diverts users from their initially intended 
search (Rubin & Rubin, 2021). Using data from new securities 
in financial markets, an econometric model is proposed and aims 
to measure the economic effects of the text completion interface. 
It reveals significant impact of the choice of tickers (i.e. the acro-
nyms of a security), which following the results of the research, 
should have more similarity to other tickers in the market.
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