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Abstract: Many factors can influence decision-making, and if you wish to know which are the most
influential factors in a decision, they must be classified by their degrees of influence. This study
seeks to determine the most influential factors in the decision of hotels to accept and implement
the Internet of Things in their services through a literary review and a causal study carried out on
experts in technology and hotels. The methodology involves the use of fuzzy cognitive maps and the
FCMappers tool. The results obtained show that the following factors are among the most influential
(in order of relevance): the perceived reliability of the technology, the relative advantage it gives, the
level of top management support, compatibility, customer pressure, information systems provider
support, security, business partner pressure, characteristics of the leader or manager, government
pressure or incentives, pressure from competitors, technological organizational readiness, complexity,
size of the company, and the perceived cost.

Keywords: internet of things; implementation factors; ICT; hotels

1. Introduction

The relevance of the Internet of Things in the hotel sector is what this technology
can contribute to the personalization of the experience of hotel clients, one of the latest
technological trends in this sector [1].

The Internet of Things is nothing more than a system made up of people and objects (or
only objects) that are connected and inter-related in order to transfer data and information
so that the receiving objects undertake an action without the human being having to directly
give that transfer order or undertake it, turning the objects into intelligent objects [2,3].

Within the hotel sector, some of the applications of the Internet of Things are as follows [4,5]:

− Wearable technology (for example, smart glasses) that allows you to identify and
recognize a repeat customer facially (as soon as they enter the hotel) and gives infor-
mation on their preferences and tastes, so that you can give personalized offers;

− Smart refrigerators that order online so as not to run out of product stock;
− Connected minibars that notify you when a product is picked up and needs to be

recharged. This information will be used for future visits of the client, as you can
prepare their preferences in the minibar;

− Facilities management, which manages the use and maintenance of facilities such
as air conditioning, electricity, and water depending on the client’s preferences and
their presence (or not) in the room where it should be activated, allowing hotels to
make economic savings by avoiding uncontrolled use and providing better customer
satisfaction by adapting to their preferences;

− Mobile keys that allow customers to enter the rooms without the need for keys
through an app installed on their mobile that also gives a notification when the room
is available.

Despite these applications and the relevance of the personalization of customer expe-
rience within the current hotel sector, with the Internet of Things being one of the factors
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that can most influence this personalization and one of the technologies that most hoteliers
are supporting, many companies and hotels still doubt its use or are not willing to invest in
the Internet of Things for different reasons, including its complexity, compatibility, benefits,
costs, organizational preparation, and security, among others [6].

For this reason, and in order to take measures to increase the use of the Internet of
Things in the hotel sector, this study focused on identifying the most influential factors in
the decision of hotels to accept and implement the Internet of Things for their services.

Decision-making is always supported by a set of factors that influence that decision,
but these factors should not be taken into account independently, since in many cases, there
are relationships of influence between them that can cause a factor to be more decisive and
a slight modification in what this factor entails can change the decision made.

Thus, for this research, a literary review was carried out that allowed us to establish a
list of the factors that influence the adoption of the Internet of Things in the hotel sector, and
subsequently, a causal map of the system was developed in which experts in technologies
and hotels quantified and analyzed the most influential factors regarding the acceptance of
the Internet of Things by these hotels.

In data collection (for the construction of the causal map), interviews were used as
an instrument, and a causal map was made for each of the interviewees. Subsequently,
a global causal map was made using the average assessment values of the experts. This
allowed its analysis through the FCMappers tool, which indicated the most influential
factors, the factors that receive the most influence from the rest, and the most relevant
factors within the system.

In the following section, the initiatives that are being implemented regarding the
Internet of Things in the hotel sector are contextualized and the factors that influence the
adoption of the Internet of Things in the hotel sector are detailed. We continue with the
methodology used in this study and the analysis of the results and conclude by pointing
out the influential factors in the decision of hotels to accept and implement the Internet of
Things in their services.

2. Literature Review

Technologies have changed the management and services of organizations so much so
that they have become essential [7–15]. The same has happened in the hotel sector [16–18].

The Internet of Things is a technology that is changing management and services
in hotels, and it is a current trend in the sector [1]. This means that initiatives are being
carried out in this way, where hotels are focusing these initiatives towards customers,
production, and systems (in order of priority), and this technology reaches each and
every one of the following dimensions (without any standing out from the others): data
collection, protection of information systems, legality (data protection), business model,
the development of connectivity mechanisms, deployment and configuration of devices
and sensors, and the definition of applications and business management. In addition,
in the short–medium term, initiatives regarding the following dimensions reached by
this technology will continue to follow the same line, although with a small increase in
dimensions: defining applications and business management, developing connectivity
mechanisms, protecting information systems, and data collection. It is thought that these
dimensions will gain more value compared to others in the short–medium term. All of
these initiatives are being carried out because the managers of these hotels who know
about these technologies highlight the importance of their application in their hotels [19].

Even so, these initiatives are only being conducted in about half of the hotels, since al-
most half of the executives of this hotel sector are unaware of Internet of Things technology.
Executives who do not know about these technologies generally work in lower-category
hotels that do not belong to large hotel chains [19].

Thus, in order to take measures to spread the use of the Internet of Things in the hotel
sector, this study focused on locating the factors influencing the decision of hotels to accept
and implement the Internet of Things in their services.
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First, a list of the factors that influence the adoption of the Internet of Things in the
hotel sector was extracted from a previous study carried out by the authors Infante-Moro,
Infante-Moro, and Gallardo-Pérez [20], who identified these factors through the Delphi
method. These factors were developed by experts in technologies and hotels based on the
TOES framework and its four different contexts (Technological context, Organizational
context, Environmental context, and Security context), one of the most commonly used
models internationally for the analysis of the adoption of Information Technologies at the
organizational level [21].

This list consisted of the following factors:

− In the technological context, complexity, compatibility, relative advantage, and per-
ceived cost are important.

• Complexity is defined as the level of perceived difficulty in understanding and
use of the Internet of Things, according to Sonnenwald, Maglaughlin, and Whit-
ton [22]. Berman, Kesterson-Townes, Marshall, and Srivathsa [23] stated that
the adopted technologies must be user-friendly, easy to take advantage of, and
manageable to increase opportunities for their adoption;

• Compatibility is defined as the degree to which the Internet of Things is perceived
as being consistent with the values, needs, and prior experiences of potential
adopters. This definition is based on the definition made by Rogers [24] about
the compatibility factor being an influential factor in the adoption and use of new
technological tools;

• The relative advantage is defined as the degree to which the Internet of Things
is perceived as better than the idea it replaces. This definition is based on the
definition made by Rogers [24] of the relative advantage as an influential factor in
the adoption and use of new technological tools. The adoption of an innovation
will be positively encouraged if its benefits are perceived to have advantages
over existing systems and practices [25];

• The perceived cost is defined as the expenses incurred by the hotels for the
adoption of the Internet of Things. This definition is based on the definition
made by Premkumar, Ramamurthy, and Crum [26] about the perceived cost as
being an influential factor in the adoption and use of a new technological tool.

− In the organizational context, the characteristics of the leader or manager, the per-
ceived reliability of the technology, the level of top management support, the size of
the company, and the technological organizational readiness are important:

• The characteristics of the leader or manager include the age, training level, and
degree of innovation of the manager. Cerdán [27] developed three hypotheses
related to the characteristics of the manager, the age of the manager, their level
of training, and their degree of innovation. Their results show that the age
of the manager is among the main facilitators in the adoption of collaborative
technologies, the university education of the manager is among the neutral
factors, and the managerial attitude towards innovation has an intermediate level
of influence;

• The perceived reliability of the technology is defined as the trust of the hotels in
new technologies. This definition is based on a definition developed by Tu [6]
about the perceived reliability of the technology as an influential factor in the
adoption and use of a new technological tool.

• The level of top management support is defined as the degree of support from
hotel management. The degree of support from top management plays a very
important role in the decision to adopt a new technology [28]. Previous studies,
such as that of Lin and Chen [29] or that of Feuerlicht and Govardhan [30], on the
adoption of information technology innovation have shown that support from
top management is a critical factor in the decision of the organization to adopt a
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new technology. Without this support, organizations are more likely not to adopt
new technologies;

• The size of the company is another factor that can affect the adoption of infor-
mation technology. Small and some medium-sized companies, despite the fact
that they are more adaptable, are not willing to adopt new technologies [31]. In
contrast, large companies have more opportunities than small and medium-sized
companies [28];

• Technological organizational readiness is defined as the availability of the organi-
zational resources necessary for adoption, according to Iacovou, Benbasat and
Dexter [32]. Different researchers such as Mehrtens, Cragg and Mills [33] and To
and Ngai [34] have pointed out that the technological preparation of companies is
important for the adoption of Information Systems (including technologies) and
covers not only physical assets (technological infrastructure) but also specialized
human resources.

− In the environmental context, there is pressure from competitors, pressure from the
business partner, pressure from customers, government pressure or incentives, and
support from Information Systems providers:

• Pressure from competitors is defined as pressure to install a system in other
hotels. Pressure from competitors is “the level of pressure that the company may
encounter from its competitors in the same area of industry” [35];

• Pressure from the business partner is defined as pressure from investors based
on past technology adoption experiences. The decision about whether or not to
adopt a new innovation in information technology is influenced by the history
and past projects of a business partner [36];

• Regarding pressure from customers, researchers such as Kula and Tatoglu [37]
claim that companies innovate when their customers demand it;

• Government pressure or incentives are defined as the appropriate use of regula-
tions or mandates as incentives to encourage participants to take action in the
implementation of Internet of Things technologies. This definition is based on
the definition made by Tu [6] about the government pressure or incentives factor
as being an influential factor in the adoption and use of a new technological tool;

• Support from Information Systems providers, defined as the support of providers
to implement and use Internet of Things tools. According to authors such as
Rogers [24] or Premkumar and Roberts [38], the support from information sys-
tems providers refers to support to implement and use information systems that
a company obtains from external sources with technical experience.

− In the security context, there is security.

• Security is defined as the feeling of absence of danger or risk by users when
using the Internet of Things. This definition is based on the definition made by
Weber [39] which describes safety as an influential factor in the adoption and use
of a new technological tool. Rolf H. Weber [39] stated that the Internet of Things
has a significant impact on the security and privacy of the parties involved.

These factors represent the axis of distribution of the results of the study carried
out with experts in technologies and hotels below. This study tried to locate the factors
influencing the decision of hotels to accept and implement the Internet of Things as part of
their services.

3. Methodology

The fuzzy cognitive maps methodology is one of the most relevant in the study
of knowledge and is probably one of the most frequently used by researchers in their
studies and projects in recent times [40]. The tool can be used in different situations or
problems to identify, define, and validate the factors of a system and identify the cause–
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effect relationships that exist between them in order to propose strategies and aid in
decision-making [41].

In the scientific field, its applications include the following: descriptive (to describe
a system using the factors intervening in that system), explanatory (to explain the “why”
of the behavior of the factors intervening in a system), reflective (to make decisions as an
instrument to support decision-making), and/or predictive (to predict the actions of the
factors intervening in a system) [42].

For these reasons, in this study, we decided to use this methodology, a methodology
that allowed us to confirm or rule out the influences of the factors obtained in the literary
review regarding the decision of hotels to accept and implement the Internet of Things
in their services. In addition, it allows us to identify whether or not there are influences
between each of the factors that belong to this system and to determine the degrees of all
these influences [43,44].

To obtain data on the degrees of influence existing among factors, university professors
who are experts in technology and hotels were selected as the “population” under study
(people who get to know the most influential factors in the acceptance and decision by
hotels to implement the Internet of Things in their services), and the size of the sample was
set by the use of cumulative graphs showing the number of new influencing factors with
respect to the number of individuals belonging to the sampled interest group. This method
was suggested by Özesmi and Özesmi [45] for this type of study based on fuzzy cognitive
maps, and studies with sample sizes of 45 [46], 41 [47], 29 [46], 8 [48,49], 7 [50], and up to 4
experts [51] have previously been conducted.

In this case, the sample consisted of 30 experts, none of whom added new influential
factors, and it was decided to continue sampling until this number of interviewees was
reached so that the results were the most significant possible without observing large
differences between the values that the interviewees contributed for each relationship to
be analyzed (which increased the significance of the results). To determine this number,
the curve of the total number of factors contributed versus the number of interviews was
examined, as well as the number of new variables added per interview. As can be seen
in Figure 1, 30 experts was more than enough, as none of the participating experts added
new factors.
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Figure 1. Sample size selection process.

These experts in technologies and hotels were made up of two groups whose opinions
had the same weights in the results: a group of 15 experts who were university professors
from different countries with the title of doctor and had conducted research on the use of
information and communications technologies in hotels and a group of 15 experts who
were responsible for the technology department in international hotels and hotel chains of
4- and 5-star hotels.

Interviews were the instrument used in this methodology to obtain data from the
experts who formed the sample [45], and at the beginning of each of the interviews, as
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was done in a study by Solana [50] using fuzzy cognitive maps as a study technique, each
interviewee received a template with two tables, as follows:

− A table showing the factors in this system, which served as an orientation guide for
the interviewees (Table 1). It was intended that the interviewees would take this list
of factors and give information on the causal connections that existed between factors
in addition to contributing, if they felt it appropriate, new factors.

− A table with semantic graduation for interviewees to assess the degree of causal
influence that one factor could have on another and whether that influence was
positive or negative [52] (Table 2).

Table 1. Factors: component concepts of the fuzzy cognitive map.

TECHNOLOGICAL CONTEXT

FACTOR DEFINITION

The complexity
The level of perceived difficulty in

understanding and using the Internet
of Things.

The compatibility

The degree to which the Internet of Things is
perceived as being consistent with the values,

needs, and prior experiences of
potential adopters.

The relative advantage
The degree to which the Internet of Things is

perceived as being better than the idea
it replaces.

The perceived cost The expenses incurred by the hotels for the
adoption of the Internet of Things.

ORGANIZATIONAL CONTEXT

FACTOR DEFINITION

The characteristics of the leader or manager The age, level of training, and degree of
innovation of the manager.

The perceived reliability of the technology The confidence of hotels in new technologies.

The level of top management support The degree of support from the
hotel management.

The size of the company The size of the hotel.

The technological organizational readiness The availability of the organizational resources
necessary for adoption.

ENVIRONMENTAL CONTEXT

FACTOR DEFINITION

The pressure from competitors The pressure for installation in other hotels.

The business partner pressure Investor pressure based on past technology
adoption experiences.

The customer pressure Pressure from customers.

The government pressure or incentives

The proper use of regulations or mandates as
incentives to encourage participants to take
action in the implementation of Internet of

Things technologies.

The support from Information Systems providers Provider support to implement and use
Internet of Things tools.
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Table 1. Cont.

SECURITY CONTEXT

FACTOR DEFINITION

The security The feeling of the absence of danger or risk by
users when using the Internet of Things.

Table 2. Semantic assessment table: interpretation of cause–effect relationships.

Value Semantic Relation

1 Very strongly positive
0.9
0.8 Strongly positive
0.7
0.6 Medium positive
0.5
0.4 Weakly positive
0.3
0.2 Very weakly positive
0.1
0 There is no relationship

−0.1
−0.2 Very weakly negative
−0.3
−0.4 Weakly negative
−0.5
−0.6 Medium negative
−0.7
−0.8 Strongly negative
−0.9
−1 Very strongyl negative

Once the data from the interviews had been obtained, the existence (or not) of causal
relationships between the proposed factors was identified, and an adjacency matrix was
constructed for each interviewee that simulated the cause–effect unions between the factors
formed by values of the interval [–1, 1] [53]. Subsequently, these adjacent matrices or fuzzy
cognitive maps were combined into a single matrix or collective map, in which the average
value of the individual matrices was assigned to each factor. Through this, the degree of
influence of these factors in the hotels’ decision to accept and implement the Internet of
Things in their services was obtained. The system factors were classified according to their
influences on the rest of the factors and the outdegree, indegree, and centrality indicators
were obtained using FCMappers software [54].

4. Results

The collective cognitive matrix or collective map based on the influences existing
between the factors of this system consisted of 15 factors and 126 causal connections
resulting from 30 matrices corresponding to 30 interviewed experts (Table 3).
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Table 3. Adjacent matrix of the collective fuzzy cognitive map.
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The complexity 0.00 0.30 −0.80 0.00 0.00 0.62 0.55 0.00 0.00 0.35 0.35 0.00 0.00 0.95 −0.15
The compatibility 0.00 0.00 0.60 0.35 0.00 0.60 0.85 0.00 0.00 0.75 0.50 0.42 0.00 0.00 0.00
The relative advantage 0.00 0.80 0.00 0.00 0.00 0.70 0.95 0.00 0.00 0.90 0.90 0.40 0.00 0.00 0.00
The perceived cost 0.00 0.00 0.65 0.00 0.00 0.00 −0.75 0.00 0.00 0.00 0.80 0.00 0.00 0.00 0.00
The characteristics of
the leader or manager 0.35 0.50 0.90 0.40 0.00 0.70 1.00 0.00 0.55 0.40 0.70 0.00 0.30 0.80 0.70

The perceived
reliability of
the technology

0.30 0.85 0.90 0.20 0.00 0.00 0.90 0.00 0.00 0.80 0.85 0.90 0.60 0.20 1.00

The level of top
management support 0.00 0.80 0.90 0.00 0.82 0.45 0.00 0.00 0.90 0.00 0.00 0.00 0.00 0.80 0.00

The size of the company 0.85 0.75 0.60 0.80 0.00 0.00 0.00 0.00 0.65 0.60 0.60 0.00 0.70 0.90 0.70
The technological
organizational
readiness

0.00 1.00 0.60 0.30 0.00 0.70 0.85 0.00 0.00 0.00 0.50 0.00 0.00 0.70 0.70

The pressure
from competitors 0.00 0.00 0.80 0.00 0.60 0.90 0.80 0.00 0.75 0.00 0.80 0.80 0.00 0.00 0.00

The business
partner pressure 0.00 0.75 0.90 0.00 0.60 0.30 0.90 0.00 0.30 0.00 0.00 0.00 0.00 0.55 0.00

The customer pressure 0.00 0.90 0.90 0.40 0.70 0.50 0.90 0.00 0.65 0.70 0.90 0.00 0.80 0.65 1.00
The government
pressure or incentives 0.80 0.70 0.50 0.50 0.00 0.70 0.60 0.00 0.50 0.00 0.30 0.60 0.00 0.75 0.90

The support from
Information Systems
providers

0.95 0.80 0.90 0.45 0.25 0.72 0.70 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.80

The security 0.90 0.80 0.65 0.00 0.00 1.00 0.75 0.00 0.00 0.00 0.30 0.80 0.80 0.75 0.00

Fourteen of these factors were found to exert influence and be influenced by the other
factors, so these variables are ordinary variables, and one of these factors (the size of the
company) only exerts influence on the other factors but is not influenced. This variable is a
transmitter type variable.

When processing these connections with the FCMappers software, the structure of
this fuzzy cognitive map was analyzed through the following indicators [55]:

− The “outdegree” indicator, which indicates the degree of influence of a factor on the
rest of the factors. A highly influential variable has a high outdegree;

− The “indegree” indicator, which indicates the degree to which a factor is influenced
by the rest of the factors. A highly influenced variable has a high indegree;

− The “centrality” indicator, which indicates the degree of participation or importance
of a factor in the system; it is the sum of the outdegree and indegree indicators.
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In this way, the most important factors in this decision are taken as those with higher
centrality values, since they regulate the dynamics of the system [45] (Figure 2).
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contributed by the experts, allowing us to determine the most influential factors in order
of preference for the aforementioned experts. As can be seen in the following figure, the
values were between 5.60 for the perceived cost (this is the least valued factor) and 15.39
for the perceived reliability of the technology (this is the most valued factor); the average
valuation was 10.49.

Regarding the outdegree and indegree, factors with high outdegree values strongly
influence the rest of the factors (pressure from customers, perceived reliability of the tech-
nology, characteristics of the leader or manager, and the size of the company), and factors
with high indegree values are strongly influenced and dependent on other factors (rela-
tive advantage, the level of top management support and compatibility) (Figures 3 and 4).
These values, like the centrality values, serve to measure the different degrees of influence
between the factors studied.

With all this, the variables or factors with the greatest levels of centrality, outdegree,
and indegree are shown in the following table (Table 4).

The factor with the greatest level of centrality is the perceived reliability of the tech-
nology (closely followed by the relative advantage and the support of top management),
which is the second most influential factor on the rest of the factors (outdegree = 7.50) and
the fourth most dependent on the other factors (indegree = 7.89). The factor with the lowest
centrality is the perceived cost, which is the factor with the least outdegree and the fourth
least indegree. The main variables ordered according to the centrality indicator are shown
in Figure 2.

The variables that exert the most influence on the rest of the variables were identified
as customer pressure, the perceived reliability of the technology, the characteristics of
the leader or manager, and the size of the company. The most dependent variables were
the relative advantage, the level of top management support, and the compatibility. The
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main variables ordered according to the outdegree and indegree indicators are shown in
Figures 3 and 4.
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Table 4. Factors with higher centrality, outdegree and indegree indicators.

Centrality Outdegree Indegree

The perceived reliability of
the technology The customer pressure The relative advantage

The relative advantage The perceived reliability of
the technology The level of top management support

The level of top management support The characteristics of the leader
or manager The compatibility

5. Conclusions

Many factors are involved in decision-making, but these factors should not be taken
into account independently, since most of the time they are interrelated. The relationships
of influence between factors can cause a factor to be more influential as a whole than
when it is considered independently, and this is what happens in most cases, so a slight
modification of a factor that is not considered a priori to be as determining can lead to that
factor changing the decision made.

Thus, taking all the possible interrelationships between the factors that influence the
adoption of the Internet of Things in the hotel sector into account, this study aimed to
locate the factors influencing the decision of hotels to accept and implement the Internet of
Things in its services in order to take measures to spread the use of the Internet of Things
in this sector.

To do this, a list of the factors influencing the adoption of the Internet of Things in
the hotel sector was presented, their relationships with this decision were confirmed, and
the most influential or decisive factors were determined when it came to acceptance by
these hotels.

The list consisted of the following factors:

− In the technological context, complexity, compatibility, relative advantage, and per-
ceived cost;

− In the organizational context, the characteristics of the leader or manager, the per-
ceived reliability of the technology, the level of top management support, the size of
the company, and technological organizational readiness;

− In the environmental context, pressure from competitors, business partner pressure,
customer pressure, government pressure or incentives, and support from information
systems providers;

− In the security context, security.

All of these factors were found to be related in decision-making, with the following
being the most decisive in this process (in order of relevance): the perceived reliability of the
technology, the relative advantage, the level of top management support, the compatibility,
the customer pressure, information systems provider support, security, business partner
pressure, characteristics of the leader or manager, government pressure or incentives,
pressure from competitors, technological organizational readiness, complexity, size of the
company, and the perceived cost.

In general terms, it can be said that the factor in a system that exerts the most influ-
ence on the rest of the factors is the pressure from customers (something normal in the
services sector), followed by factors related to the technology to be implemented and the
trust in it (among the six most influential: the perceived reliability of the technology, the
characteristics of the leader or manager, and its level of security), where the size of the hotel
influences the rest of the factors. It is a system in which the relative advantage and the
support of top management are dependent on the rest of the factors, and they are two of the
three most important factors in this system of decision making (along with the perceived
reliability of the technology). The value of this decision regarding the hotels’ trust in new
technologies includes the advantage that the application of this technology would have
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over the idea that it replaces and the corresponding support from hotel management. This
is to the detriment of other factors, such as the perceived cost, which is the factor that has
the least influence on the rest of the factors and the one that least influences this decision,
since hotels are willing to bear the cost of its implementation if its advantages and benefits
are considerable.

The latter is something that does not coincide with the study by Tu [6], where the
perceived cost was considered one of the most influential factors when implementing the
Internet of Things in companies in general, since they considered that costs could become
major barriers to adoption. This is something that is omitted in the hotel sector, due to
what has been said above.

The three most influential factors in this decision coincide with what can be seen in
other sectors, where the perceived reliability of the technology, the relative advantage,
and the support from top management are considered among the factors with the greatest
influence in this decision [7,25,28,56,57].

We tried to determine the reasons why this technology is still not being implemented
in many hotels or why its degree of implementation remains low, despite its advantages
and the fact that this tool began to be used many years ago. This makes it necessary for
there to be a good amount of information available on the concept of the Internet of Things,
its application in the hotel sector, and its advantages, since there are studies that have
reported the ignorance of these three things by almost half of hotel managers and the
importance given to this technology by those who do know about it [19].

This research was limited to the study of the factors that can be collected in the context
of the TOES framework (technological context, organizational context, environmental
context, and security context), but this limitation could be eliminated in future studies, and
this study could be extended to other factors that influence this decision, such as the study
of motivational factors that can influence this decision or the study of the strengths and
weaknesses that the different dimensions reached by said technology may have.
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