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Abstract: The main goal of this paper was to propose a program to develop sustainable tourism
at Santurbán moor in Colombia. This would open new paths toward economic growth for the
communities inhabiting this sector who are currently facing a serious dilemma. First, the moor is an
area of vital importance to the sustainability of more than two million people, who depend on water
generated in the area. On the other hand, this land contains great mineral wealth and agricultural
resources. This has generated an already long-lasting conflict of interest between environment
conservation and the possible economic exploitation of the Santurbán moor through industrial mining.
To this end, we conducted bibliographic research on sustainable tourism, specifically with scientific
ends, that considered the potential of this area for its implementation. Prospective methodology was
applied, beginning with the selection of a panel of experts to identify the most important external
and internal variables that could affect the area. Then, Impact Matrix Cross-Reference Multiplication
Applied to a Classification (MICMAC) software was used to identify the correlation between the
different actors and their possible contributions. As a result of this research, a proposal is presented
that is focused on the needs of the community living in the area, as supported by science and the
academic community, and by the use of Industry 4.0 and related new technologies. This strategy
could be used in other protected areas in Colombia, or throughout the world, that are currently being
visited by tourists who, maybe unwillingly, are actually putting the sustainability of these areas at
risk. In the future, this strategy will be consolidated and will lead to technological applications. This
will allow tourists to enjoy protected places without threatening the conservation of these habitats.

Keywords: sustainable tourism; Colombia; Santurbán moor; MICMAC; Industry 4.0

1. Introduction

High mountain equatorial moors, located between 3000 and 4700 m altitude, represent
a unique type of region in the world, given their importance as generators and regulators
of water resources. The water in their contained wetlands and lakes flows into river catch-
ments extending their areas of influence. Most of these moors are in the Andes, and Colom-
bia contains about 50% of these areas. In addition to their hydrological importance, moors
provide unique habitats with many endemic species, and they exist in beautiful landscapes
that can be accessed and enjoyed through tourism in a sustainable manner.

The Santurbán moor is a natural resource measuring 138,699 hectares located in the
eastern region of Colombia. It is shared by the departments of Santander and Norte de
Santander, as it is an area of vital importance for sustainability. More than 15 Santander
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municipalities derive their water resources from it, including the metropolitan area of the
city of Bucaramanga, the capital city of the Santander department, which has more than
one million inhabitants. However, there has been a continuous dispute in recent years
between the ancestral inhabitants of the moor, who have taken advantage of the habitat
through agriculture, maintaining livestock, and gold mining [1], and the inhabitants of the
municipalities that use the water downstream. The latter have requested that the moor be
declared a vital resource and that such activities in it cease, which would leave the former
communities without means of livelihood.

The greatest threat to the sustainability of Santurbán moor is its great mining wealth.
According to geological estimates, there are more than 7 million ounces of gold and more
than 80 million ounces of silver in the moor. Such resources are highly sought after by
large multinational mining companies and have been traded for more than 200 years by
artisanal miners living in the natural park. In any case, large-scale extraction of this mining
potential is very likely to contaminate the area. This situation has been magnified since the
natural park was declared an environmental reserve and mining was banned in some areas,
generating a boom in illegal mining that leaves uncontrolled pollutants, such as mercury,
in the area [2].

Sustainable tourism, and especially scientific tourism, has a great potential to reduce
the economic problems that the resident populations in the nature reserve will face, since
in the latter, the tourists are mostly scientists who want to explore and discover new
environments that allow them to generate new knowledge. A related example of this is the
expert-guided tours that are conducted in technological institutes, such as the European
Organization for Nuclear Research (CERN), which implies that this is a concept that can be
adapted to different contexts, whether a natural space, a laboratory, or a research center [3].

1.1. Current Status of Sustainable Tourism in the Area

A systematic bibliographical search was conducted for articles related to the Santurbán
moor across the most important bibliographic reference databases, such as Scopus, Sci-
enceDirect, and the Web of Science, among others, to find any research on this area that had
been previously published. We found that there were very few such publications, and these
mostly concentrated on the effects of mining in the area. Works such as [4–7] focused on the
impact of mining on the water resources generated in the moor. Other studies, such as [8,9],
focused on the relationships of mining companies with the community and on the legal
conflicts that are looming, given the delimitation of the area as of environmental interest.

Regarding the possible tourism exploitation of the area, the written works found were
master’s and undergraduate thesis reports in the repositories of educational institutions,
and no work that related to a practical implementation of tourism in the area could be
found. This does not mean that tourism activities are not being carried out. A simple
web search on tourism offers in Santurbán returned several offers for adventure tourism,
landscape recognition, and hotel services for camping in the area. A reference was found
stating that, in 2015, technical assistance was provided by ALBA SUD, a Catalan entity that
specializes in research and communication for development, in which community leaders
were trained in ecotourism concepts. But according to what was found in this work, that
effort was not consolidated in the field visits.

It is necessary to integrate the tourism services currently offered with the new sustain-
able tourism policy issued in Decree 646 of 2021, through which Colombia formally adopted
a sustainable tourism policy called ‘United by Nature’. This national decree delegated the
Ministry of Commerce, Industry and Tourism to generate the technical documents for its
implementation. According to government estimates, it is expected that by 2030, this policy
will become a reality.

1.2. Importance of the Study

The importance of this study is directly related to the need to present alternatives
for the sustainable development of a region that is currently convulsed by the urgency of
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protecting the water sources that supply water to more than two million people and the
needs of a community that for more than four hundred years has exploited this soil either
with artisanal mining or agriculture. Tourism is another option given its attractions and the
unique fauna of the Andean moorland [10], in addition to the economic benefits such as
job creation and the strengthening of the native culture. Currently, the locals have become
aware of this possibility and have implemented incipient efforts to exploit the resources
present in the area, such as the lagoons, but as was noted during field visits, there is no real
work towards environmental protection. An entrance fee is charged, and tourists are left to
their own devices without any control nor guidance. It is necessary to generate a culture of
protection for the environment and that is precisely what this work wants to initiate [11],
besides a strategy that involves the community, tourism entrepreneurs, the state, academia,
as intertwined through the technology of Industry 4.0. To this end, we started with a study
of the challenges currently faced by the implementation of tourism in the Santurbán moor.
Interviews were conducted with tourism experts, tourism promoters and the community
that currently exploits this resource. Several results were obtained, such as the absence of
the government in the control of tourism issues, the lack of infrastructure, and the lack of
knowledge of the locals on environmental protection issues. These circumstances must be
considered in a proposal that involves all the actors of the process.

1.3. Objectives

The main objective of this work is to make a proposal for the development of sustain-
able tourism in the Santurbán moor region, based on the identification of the main variables
and actors that affect its development. Based on this knowledge, a conceptual framework is
proposed, which involves these variables and allows the future implementation of tourism
activities that benefit the communities whose economic income has been decimated by the
delimitation of the protected area. The specific objectives of this work were the following:

• Identifying the actors of the tourism chain in the Santurbán moor region and their
profiles based on direct contact with them, which will allow firsthand knowledge of
their needs through the development of this conceptual framework.

• To identify the obstacles and strengths of the Santurbán moor region for the imple-
mentation of sustainable tourism.

• To propose a conceptual framework for the development of the Santurbán moor as
a center for sustainable tourism, based on the opinion of the experts, the techniques
applied, and the needs detected in the field.

The development of the first objective made it possible to learn about the social
reality in the area, which indicated the possible strengths and weaknesses in the future
implementation of a tourism network in the area. The development of the second objective
made it possible to determine the baseline from which the proposal was formulated.

For the development of these objectives, prospective methods of analysis of social
problems were combined, such as the Delphi method involving the opinion of experts,
together with the application of the Mic-Mac software tool to visualize the incidence of the
different actors.

2. Theoretical Background
2.1. Sustainable Tourism

Given the ecological and strategic importance of the Santurbán moor in the region,
it is necessary that all ventures that are carried out in the sector tend to its conservation.
Therefore, any tourism initiative should be framed within the category of sustainable
tourism [12,13], with the objective of mitigating the negative effects on the environment that
the influx of tourists to the protected area may have, considering all the social and economic
characteristics of its inhabitants. This premise should be included in the generation of new
value chains and economic variants resulting from their implementation.

Tourism initiatives are expected to have the following premises:
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• Protecting the moor biome. Without the unique vegetation of the Andean moorlands,
it would not be possible to generate water and this in turn would not be attrac-
tive to potential visitors, therefore poor conservation of this resource would spoil
any initiative [14,15].

• Promote a culture of preservation among tourists and residents. Without the support of
the people who live in the area daily, the conservation of the biological resource will not
be possible, and it is they who must strongly transmit this concept to visitors [16,17].

• Economic development. The long-term benefits generated by tourism activity in the
region should be fundamentally distributed among the locals, becoming an engine of
wealth and social prosperity for the region [18,19].

Given all the controversy raised by the discussion around the use of the Santurbán
moor area, debating between economic, social interests and ecological sustainability [20],
an alternative is needed to allow the locals to obtain resources and maintain the moor
resources for future generations. Following this line of thought, scientific tourism is
considered as a sustainable tourism option.

2.2. Scientific Tourism

The traveler interested in scientific tourism wants to expand and complement their
knowledge. Therefore, this tourism should be developed in environments related to science
and technology and can be complemented with adventure tourism and ecotourism [21].

Authors such as [22] see scientific tourism as a possibility for the economic develop-
ment of fragile ecosystem areas that must be protected, but at the same time need to produce
resources for their inhabitants. This is due to the combination of scientific tourism with
other branches of tourism such as adventure and cultural tourism. Besides, such tourism
contributes new knowledge as the traveler learns about the ecosystem and contributes his
own knowledge to local knowledge networks. This exchange favors the creation of new
knowledge networks, as well as economic resources to the intervened territories.

Given the similarities within cultural tourism whose purpose is to have contact with
the different cultural expressions of the visited sites, such as museums, art exhibitions,
theater etc., scientific tourism includes in itself a scientific dimension [23]. Authors such
as [24] classify scientific tourism in four categories that are combined with other forms of
tourism such as:

• Adventure tourism with a scientific dimension: Defined as that which allows the
combination of scientific research, adventure, and sports practices such as climbing
large peaks or expeditions in places of difficult access where the main motivation can
be adventure or science, but in its development, both are achieved. In the case of the
Santurbán moor, adventure is guaranteed as it is a high mountain terrain that requires
the tourist to be in good physical condition.

• Cultural tourism with scientific content: The main objective of this type of tourism is
to take tours where the tourist contacts cultural or industrial aspects of the site being
visited, and its main purpose is to acquire some type of scientific knowledge during
the tour. Given the unique biota present in the tropical moor, it is very feasible to learn
about new environments and generate new scientific knowledge.

• Scientific eco-volunteering: In this type of trip, the tourist is directly involved in
scientific aspects such as sampling and data collection guided by scientific personnel
who organize the actual research in the environment being studied.

• Scientific research tourism: This category is related to the scientific delegation that
travels to study a particular site. In this case, given that the tropical moor is an environ-
ment found in only a few countries in the world, the structuring of a scientific tourism
system in Santurbán would be very attractive for specialists from first world countries.

In this context, scientific tourism is oriented to tourists interested in the world of
science from first world countries with high resources [25], who would come and study
environments such as the Santurbán moor. In addition to bringing resources to the local
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economy, this would provide more tools and knowledge and allow a sustainable use of
this natural park.

An information-based technologies framework that is also capable of integrating
communities, the productive sector and the protection of existing biodiversity is needed [26].
Another paramount factor needed for the development of scientific tourism is to have
qualified locals, capable of playing the role of hosts and guides effectively. Conducive to
this, they must be taught how to appreciate their environment and how to live sustainably
in it [27].

Scientific tourism is a very appropriate strategy for areas, such as the Santurbán
moor, that have conflicts over the use of resources and the economy. It is a strategy that
involves the community in its development and the scientific community, leaving in its
wake resources, knowledge, and a sense of belonging to environmental conservation.

2.3. Scientific Tourism in the International Context

Scientific tourism continues to develop as an alternative in various parts of the world,
so several authors have studied its implications. Authors such as in [28] studied the
implications of scientific tourism in the communities settled in the Ecuadorian Amazon
that are visited by various types of scientists. This type of exchange has created a favorable
environment for communities to value their cultural and territorial heritage, in addition
to leaving economic benefits. The community is comfortable with the process and has
improved their level of appreciation for the natural resources by taking care of them in a
more sustainable way. There are still things to improve, such as the lack of knowledge on
the part of tour operators about the type of activity, as in most cases they consider them to
be scientific or scientific outreach events, and there is still a lack of awareness among them.

Authors such as in [29] have shown the achievements of scientific tourism in the Aysén
Region, in southern Chile, during the last 15 years. They show that for the locals, scientific
tourism has been an integrator that in addition to providing economic resources has
strengthened conservation processes in the area. This occurs because it has revalidated the
value of the geographical resources present in this territory, increasing awareness of their
importance, which results in greater learning and deliberation about it. Although it also
highlights the need for the immersion of high-quality products and landscape management.

Works, such as that of [3] in relation to scientific tourism in the French Alps, exemplify
where this type of tourism can be integrated with the adventure tourism offered by the
mountainous landscapes, but also where there is a need for the process to be reinvented
based on creativity and innovation, which in the case of the present work offers the
technologies of Industry 4.0.

Authors such as those in [11,30,31] present theoretical research on the advantages of
the implementation of scientific tourism in areas with cultural and geographical potential,
having as a premise the conservation of these heritages, the increase of the knowledge
that exists for them, and the increase of the value that the native communities perceive for
them. They were framed in strategies that involve them in the development of associations
and/or cooperatives that exploit for their benefit the tourist resources that they possess
appealing to resources such as digital media.

The literature consulted shows a common axis that highlights the importance of inte-
grating the community with the development of tourism projects to make them sustainable
in the long term and the need to innovate using new technologies.

2.4. Frameworks Based on Industry 4.0 Technologies for Tourism Development

The use of frameworks for the development of processes involves the standardization
of the developed product [32], as the process involves the use of common procedures for
the generation, interpretation, and analysis that can then be reused in a specific application
area. Therein lies the importance of the studies of the concepts of Industry 4.0 within the
bibliography of this paper, because it is intended that the result can be replicated in other
areas with tourism potential that are similarly sensitive as the Santurbán moor.
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Works such as [33] bring together a confluence of technologies and industry standards,
such as cloud computing, metadata, generation and management of ontologies, artificial
intelligence, pattern recognition, and decision support systems. This paper [33] presents a
structure applicable to tourism developments such as the one needed for Santurbán moor.
The authors of [34] presented a Big Data based knowledge system framework in a form
of creative computing, which was a new concept on how to guide human beings to create
fresh, surprising, and useful systems to achieve effective work in different fields. According
to the authors, it combined knowledge from different disciplines using ontologies and Big
Data algorithms. Thanks to that combination, they obtained as a result an algorithm was
able to achieve data integration and extensible synchronization access of the sensing node.
It allowed them to expand the volume of information storage in the system of tourism
organizations and improve the accuracy of data integration by combining knowledge
and cloud computing. However, there were still some outstanding issues, especially the
problem of information privacy and security, during the operation period of the system,
which should be overcome in the future.

In the paper [35], the author presents a new local community tourism system based on
LOD (Linked Open Data). In this study, the tourism related data were converted into RDF
(Resource Description Framework) and stored as an LOD database in the local community
system. From there, a prototype was derived whose validity of the proposed system was
confirmed by the field experiments.

The paper [36] presented a related work on an intelligent tourism information system
in the Big Data environment, using semantic description and link building methods to
complete intensive, intelligent, and unified tourism management. This consisted of cu
layers: metadata layer, ontology layer, linked data layer, data application layer. The main
roles of these layers and their relationships were described. An RDF Link approach among
tourism linked data was presented to build the semantic association of tourism linked
data, showing that Big Data based linked data can solve the problem of uniformity and
interoperability of heterogeneous data sources encountered in tourism systems.

The use of Industry 4.0 technologies can provide the level of innovation described
by the authors as a requirement of scientific tourism described above, so this proposal
implements its use to contribute to the solution of a solid technological structure in this
case study.

2.5. Colombia’s Potential for Scientific Tourism

Colombia is in a privileged situation for the development of scientific tourism given its
geographic location, being the only country in South America bathed by two oceans with
1818 km of coastline on the Atlantic Ocean [37] and 1300 km of coastline on the Pacific. It is
outstanding for its great variety of fauna and flora in which South American and Central
American elements converge [38]. Among the existing attractions in Colombia that are very
famous, there are sandy beaches, such as the island of San Andres and Cartagena, and the
paradises for marine fauna, such as the volcanic island of Malpelo.

Another important aspect is that Colombia is that its interior is crossed by the An-
des mountain range, which support ecosystems across all altitudinal temperature zones.
In the Amazon rainforests to the south, there is the Amacayacu National Natural Park with
exuberant animal life, including more than four hundred endemic bird species, the Ama-
zonian manatee, and the pink Amazon dolphin among others [39]. This area is diverse in
indigenous communities that offer ecotourism services and has a cultural and anthropolog-
ical potential.

To the east are the floodplains of the tributaries of the Orinoco, where you can find the
natural parks of the Sierra de la Macarena embedded in the Guiana shield with ecosystems
typical of rainforests, flooded forests, and vegetation of the Amazonian savannah [40].
It is also possible to find archeological traces such as pictographs and petroglyphs of the
ancestral indigenous cultures that inhabited the area. Another important park in this area
is the Tuparro Natural Park, which has been declared a national monument because of its
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environmental importance. But it still has great potential for the discovery of new species
because it has not been surveyed in detail for insects and amphibians.

To the west of Colombia on its Pacific coast are the natural parks of Utria, Gorgona
and the Malpelo Island Flora and Fauna Sanctuary. There it is possible to see whales, such
as humpback whales and sperm whales. It is a nesting area for hawksbill turtles and a
wide range of crustaceans. Additionally, you can dive in its coral areas full of an explosion
of marine life of its own. On the other hand, this area is culturally rich with the presence of
African sourced communities with their typical dances such as the Currulao, the Patacoré,
the Perejú.

To the north of Colombia, is the Caribbean zone with natural parks such as the Rosario
and San Bernardo corals with a wide marine fauna where diving activities can be performed.
The Tayrona natural park has beautiful beaches and natural scenery where you can see
many birds typical of the Colombian Caribbean and a great diversity of reptiles [41]. In the
Caribbean zone there are white beaches such as those of Santa Marta Bay, which is a very
popular tourist destination in Colombia.

The Andes crosses Colombia through its central part and in this area, there are several
natural parks such as the Nevados National Park with its volcanic peaks and the Nevado
del Ruiz, the Cocuy Natural Park, which is the largest glacier area in Colombia with
altitudes of more than 5000 m, moors, and Andean forest areas with a great variety of fauna
and flora.

Colombia has a great variety of protected areas that occupy about 15% of its territory
(Ministry of Environment, 2019), with one of the highest levels of biodiversity in the world.
This makes it an appropriate destination for scientific tourism, as in only one territory it
is possible to find diverse ecosystems from marine territories to those of cold climate and
high mountains.

3. Methodology

This work applied a structural analysis approach using the methods of foresight [42].
This methodology allows that the opinions of a group of experts who individually analyze
each of the parts of the system feed the MICMAC software platform, greatly reducing
biases in the opinions, and increasing the overall appropriation of knowledge regarding
the subject in question.

The following steps were implemented to carry out this process [43]:

1. A bibliographic study of the problems and characteristics of the study area, the San-
turbán moor, was carried out [44], based on previous studies by various organizations,
both public and private, to obtain a first approximation of the possible study variables
and a baseline of the situation that is currently being experienced there.

2. A group of experts was selected based on their knowledge of topics related to sus-
tainable tourism, environment, or topics closely related to the study area’s prob-
lems [45]. In addition, people from the area were selected who were currently in-
volved in tourism and social processes in the field and had an interest in the research
study [46]. The recommended number of experts was 10 to 15 for the size of the
research planned [47]. A group of twelve experts in different areas was selected: four
representatives of the academic sector, including tourism experts and ecologists; three
business-people, including hoteliers, developers and transporters; two representatives
from the community of tourism associations in the area; one representative from the
official sector; and two experts in innovation and technology. This group carried out
an iterative process, maintaining the anonymity of the participants to avoid bias [48].

3. Once the group of experts had been selected, a questionnaire was prepared so that
they could evaluate both the questions and their relevance in the first round and
make suggestions for improvement in the following rounds. These first questions
arose from the baseline information obtained from the bibliographic analysis [49].
Considering those that, in the opinion of the authors, could affect the implementation
of tourism in the area, internal and external variables were chosen associated with
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natural resources, sustainability, community, state entities, mining, culture, tourism
companies, tourism promoters, guides, infrastructure, among others. In the second
and third round, the experts evaluated the adjusted forms and were able to make
contributions to improve the process. This work resulted in a SWOT analysis for the
Santurbán moor.

4. They were asked to do pairwise analysis of the connections between the variables,
and to decide if there was a connection between them. If so, to then determine a
numerical valuation of the type of connection, from weak to a strong connection.

5. The analysis of the key variables was carried out using MICMAC software.

3.1. Contextualization of the Santurbán Moor

The Santurbán moor is in South America, in the eastern mountain range of Colom-
bia, between the departments of Santander (28%) and Norte de Santander (72%) with
approximately 140,000 hectares [9] (Figure 1). The climate of the moor is high mountain
cold, with temperatures below zero degrees ranging up to 15 degrees in its warmest areas,
altitudes from 2800 m to 4300 m, and annual rainfall from around 700 mm to 200 mm
annually according to the location in the reserve.
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Given its high altitude, solar radiation, and rainfall, it is a suitable place for growing
onions and potatoes, crops that have been grown in the area for many years. Another form
of farming is cattle and sheep ranching. Both activities are supported by water from the
abundant wetlands and springs in the area that feed the watersheds below with more than
two and a half million people in 48 Colombian municipalities, including the urban area of
the capital of Santander Bucaramanga with more than one million inhabitants. Its water
also influences Venezuela where its rivers flow into Lake Maracaibo [50].

The Santurbán moor area sits on a mining wealth estimated at nine million ounces of
gold [51], which has been exploited in an artisanal way since colonial times, for more than
four hundred years. In the area, there are miners who are not regulated, who use cyanide
and mercury without control to extract gold, contaminating water sources [51]. Currently
there are multinationals interested in exploiting this resource, which has generated a conflict
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with people interested in conserving the natural resource. In 2014, the national government
presented a proposal for delimitation of the moor, leaving some sidewalk, such as La Copa
with an area of 400 hectares within the protected area out of a total of 570 ha, which left
the land unusable for agricultural and mining exploitation causing complete damage to
this community that radically opposed this intervention. This is just one example of the
many communities affected by this delimitation with no short-term solution alternatives.
The conflict between the park’s environmentalists, the people who have for ages lived
off the park’s resources, and the new companies that see the park as a new pot of gold
and silver, is getting increasingly stronger. In addition, there are major deficiencies in the
integrated management of biodiversity and potential ecosystem services in the area [52].

The delimitation of the moor will leave some areas out of agricultural and livestock
exploitation, leaving people without their traditional livelihoods. With this present problem,
it is necessary to offer these communities another way to take advantage and value the
moor resource. It is important to show them that it can become an important area for
sustainable and scientific tourism given the biotic resources that exist in the sector such as
its lagoons, the floral diversity [53] and the diverse ecosystems of moss that only exist in
these latitudes and that are a potential attraction for foreign tourists [54].

Apart from this problem, in the area there are still protected sites that are pristine and
little affected by humans, such as the Súrcura lagoon. You must walk about eight hours
to reach this locality, so you require a good physical condition and a spirit of adventure,
because in such high mountains the oxygen level is lower and problems such as altitude
sickness may occur for some visitors.

This effort is worthwhile because the region contains a unique biodiversity that is
present only in the northern Andean moors, with more than forty species of birds and
mammals, 457 varieties of flora and 26 lagoons [9] with impressive landscapes that can be
the delight of visitors committed to their conservation.

3.2. Application of the Prospective Methodology
3.2.1. Analysis of the Experts

To ensure the success of the application of the prospective methodology, a panel
of experts was formed in accordance with the description detailed in the methodology.
The purpose of this panel was to obtain their vision on the realities, trends, needs and
possible evolution of sustainable tourism in the region. These experts were chosen based on
their academic, political, administrative, business and logistics backgrounds, which were
the areas identified as having the greatest impact on the development of the project. Among
them were specialists in tourism services, transportation entrepreneurs, environmentalists,
and residents with notoriety from the area influenced by the Santurbán moor.

These experts worked anonymously as suggested by the methodology, to avoid the
dominant effect of any one of them, creating biases in the data obtained. The feedback was
done in a controlled manner by the researchers using an iterative process.

The information obtained in the different iterations of the process was codified and
analyzed by tabulating the different variables present in the survey to obtain descriptive
statistical information such as standard deviation and interquartile range to determine how
close the opinions of the experts were in the different iterations carried out [55].

The first work done with the experts was to carry out a SWOT analysis on the strengths,
opportunities, weaknesses, and threats for the implementation of a tourism corridor around
the Santurbán moor, whose most important contributions are shown in the results.

3.2.2. Analysis of Variables and Actors with Mic-Mac

To perform a deeper structural and prospective analysis with the help of experts, key
variables that define the behavior of the system were defined for subsequent analysis using
Mic-Mac software. Thirty (30) independent variables were determined to cover the most
relevant aspects of the problem.
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When using the Mic-Mac software, a qualitative structural analysis of the system is
performed by using a matrix of crossed impacts. These impacts are measured according
to the weight of one variable over another. These weights were determined based on the
judgment of the experts according to the influence of one variable over the other. If there is
no relationship the impact is weighted with (0), if the influence is weak with (1), medium (2)
and strong (3).

To implement the influence matrix, the group of experts analyzed the connections
among the variables, reviewing them in pairs and determining an assessment of the depen-
dence of one variable on the other according to the values expressed above. The process
was repeated with each expert until a total of 15 opinions were obtained for each pair
of variables. To obtain the final value to be assigned in the table of influences, descrip-
tive statistics such as standard deviation, interquartile range and mode were applied to
determine how close the various opinions were.

Once the valuation for each pair of variables was defined, it was assigned to the matrix
of influences. The complete matrix has a size of 30 × 30. Table 1 presents an example
showing the first ten variables and the weight assigned in relation to the others.

Table 1. Sustainable tourism influence matrix for the Santurbán moor.

1:
GuiasTur

2:
Transpor

3:
HabiVetas

4:
MinVetas

5:
Turistas

6:
AgeTur

7:
Ecologista

8:
ComZona

9:
GenBuc

10:
EmpTransp

1: GuiasTur 0 2 3 1 3 3 2 2 3 3

2: Transpor 1 0 1 0 3 3 1 2 3 3

3: HabiVetas 1 1 0 2 1 2 3 3 2 2

4: MinVetas 1 1 3 0 1 1 1 1 1 1

5: Tourists 3 3 2 1 0 3 2 3 2 3

6: AgeTur 2 2 1 1 3 0 2 2 3 2

7: Ecologista 2 1 2 3 2 1 0 2 1 1

8: ComZona 1 1 3 0 3 2 1 0 3 2

9: GenBuc 1 2 1 0 3 3 1 3 0 2

10: EmpTransp 3 2 1 1 3 3 1 1 2 0

For example, variable 5, “tourists”, had a strong relationship (3) with variables 1,
2, 6 and 8, which in their order are: tourist guides, transporters, tourist agencies and
community of the area, and a weak influence (1) with variable 4 “mining in the municipality
of Vetas”. The influence of the variable with itself is considered zero.

The complete matrix was entered for analysis in the MICMAC software. This software
provides indicative graphs about its influence on the system. Figure 2 shows the plane
of influence and dependence of the variables of the system under study, which were
categorized as secondary, target variables, key variables, result variables, autonomous
variables, and determinant variables.

The software MICMAC presents the results using four quadrants. The explanation of
them is given below:

• Variables located in the lower left are those with no significant influence on the others
as they have little dependence on each other.

• The variables located in the upper left part are variables with high mobility and
influence on the others but which in turn have little dependence on each other.

• The variables located in the lower right part are variables that have little influence,
but high dependence on the others.

• The variables in the upper right part have high influence and high dependence that
will significantly influence the implementation of sustainable tourism in the region.
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It was observed that variables such as COVID-19 and the availability of specialized
tourist guides can hinder the development of sustainable tourism in the region. Among the
key variables are the technology applied to tourism, security in the area and the correct use
of the ecosystem by tourists.

Once the variables and their effect on the system were identified, the actors were
studied according to their impact on the key variables and the project objectives. Then
the influence among the different actors was studied to determine which of them have
the highest impact on the development of the project. This step determined that the
surrounding community, tourism promoters, government agencies, academia, and the
behavior of the tourists themselves are the keys to the successful development of any
sustainable tourism project in the Santurbán moor.

Subsequently, surveys were conducted with each of the identified stakeholders to
learn about their specific interests in the development of a possible tourism project.

4. Results
4.1. SWOT Analysis and Identification of Key Stakeholders

The development of the SWOT matrix with the experts made it possible to identify the
strengths, opportunities, threats, and weaknesses that may impact on the implementation
of a solid structure to support sustainable tourism in the Santurbán moor, as well as the
most influential stakeholders. The analysis produced the following results:

Strengths:

• The vegetation present in the moor is unique in the world and it exists only in a few
countries worldwide.
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• In the area, there are many lagoons and landscapes with touristic potential.
• Santander department has other nearby areas available for adventure activities and

scientific tourism.
• The municipalities of Santander have a great cultural potential due to their colonial architecture.
• The proximity of Bucaramanga’s Palo Negro International Airport, less than 60 km

from the area of interest.
• The community is engaged to build partnerships and projects of common interest.

Opportunities:

• The Colombian government is interested in developing tourism programs that take
advantage of Colombia’s natural resources, which would allow leveraging projects for
this purpose in the area.

• The relative proximity to Panama, a one-hour direct flight away, where the Smithsonian
Tropical Research Institute is located.

• The proximity to Venezuelan border could allow the flow of tourists to the area.
• The delimitation of the moor as a natural reserve and the political implications for

its conservation.

Weaknesses:

• The lack of hotel and service infrastructures in the area surrounding the moor.
• The lack of digital connectivity (Internet) in the area.
• The technological backwardness of the tourism system in the region.
• There are not institutionalized programs in the local colleges to train specialized guides

with a good command of English.
• The lack of accessibility in infrastructure.
• A public policy for the use of the moor as a tourist destination has not been defined.
• There is still not enough publicity about the nature reserve’s tourist attractions.

Threats:

• The destruction of the ecosystem by tourists.
• The interest in mining in the area.
• Restrictions due to possible pandemics such as COVID-19.
• Climate change and its implications on the nature of the area.
• Public order in Colombia and social problems due to the advance of poverty.
• Social grievances in the area may lead to an increase in violence rates.

Based on the SWOT analysis conducted with the thematic experts, it was concluded
that there is a great opportunity for tourism development, but it is necessary to improve
key aspects such as hotel infrastructure, guide training, and technological and digital
infrastructure.

4.2. Proposed Framework for the Implementation of Sustainable Tourism

Once the structural prospective analysis of the system was carried out, a framework
was proposed based on the main actors that are present in the area influenced by the
Santurbán moor. Therefore, sustainable tourism was taken as a fundamental pillar to
minimize the effect that visitors have on this territory. In addition, it contributes to the
local economy [56], generating new knowledge because of the exchange with specialists in
biological and conservation issues.

Figure 3 shows the axes on which the proposed framework for the implementation
of science-based sustainable tourism is based for Santurbán moor. The fundamental
objective is the equation of this system where the community, science, the academic and
productive sector, the state, and technology are intertwined to generate their contributions
and grow together.
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4.3. Social Dimension

To achieve a proper implementation of sustainable and scientific tourism in San-
turbán, it is necessary that each part of this system makes a significant contribution. In the
next section, we present a brief analysis of the current situation of each actor and their
possible contribution.

4.3.1. The community of Santurbán: A History Linked to the Mining Industry

The Santurbán moor region had its first indigenous settlements in the first century B.C.
with four ethnic groups: Guane, Chitareros, Yariguies, and Lacches. These communities
lived in harmony with their environment and exploited gold for their ritual expressions.
But it was the knowledge of the existence of gold that initially attracted the Spanish
colonizers in the sixteenth century [57], who began the exploitation of this resource for
commercial purposes using methods that cause damage to the environment and banished
or eliminated these indigenous communities.

The community of the Santurbán moor for about 400 years has been dedicated to the
artisanal exploitation of gold. In the middle of the last century, the first multinationals
presented intentions to extract gold, although these projects did not crystallize. However,
there was an increase in artisanal mining, with a greater growth in the municipalities
of Vetas and California, where much of the community is formed by artisanal miners.
At the beginning of the 1990s, multinationals became interested in investing in this sector
and the Canadian company Greystar began the exploitation of a mining title, and in
2011 it obtained another license to exploit in the upper part of the moor, which alerted
environmental groups and so began a struggle between the community that benefits from
jobs generated by mining and the inhabitants of the basin who receive water contaminated
with mercury, cyanide and other mining waste [58].

Other activities such as agriculture, livestock and fish farming have developed around
this activity. According to Colombia’s National Administrative Department of Statistics
(DANE), the Santurbán area produces 90% of the onion consumed in the metropolitan area
of Bucaramanga and Cúcuta, capitals of the two departments that contain the reserve. Crops
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are grown by family groups in plots of 5 to 10 hectares and mainly onion monocultures
and others combined with potatoes [59]. Given the high altitude of the reserve, other food
products must be brought in from warmer areas, which leaves these farmers vulnerable to
harvest failure or not being allowed to continue cultivating in traditional cultivation areas.

The community in the Santurbán moor should benefit with alternatives to replace
the income lost with the delimitation of the protected area. Sustainable tourism is a
viable option, but to achieve it, a structured framework must first be created to allow the
community to manage tourism services such as specialized guides, lodging, and food sales.
Without the community’s active participation, tourism development would not be possible.

4.3.2. The Government and Its Regulatory Role

Government intervention appeared to mediate conflict of interests between those who
want to exploit the resources of the moor and those who advocate for its conservation as a
source of water. In 2014, the Ministry of Environment made the first delimitation of the
moor as a protected area, leaving out some areas with possibilities of being exploited by
mining and other economic activities, however the constitutional court, in 2017, decreed
the impossibility of any type of mining exploitation in the moor areas of the country
and ordered the central government to carry out the process of limitation of the moor in
consultation with the communities, a scenario that continues to today with no results.

The Colombian government, aware of the advantages that our territory has for eco-
tourism in all its manifestations, has enacted initiatives and bills for its development.
The Administrative Department of Science, Technology and Innovation, Colciencias,
turned into a ministry, raised the project offer “COLOMBIA BIO-NATURE SCIENTIFIC
TOURISM”, which highlighted weaknesses for the sustainable use of biodiversity in the
different departments of Colombia. These included, the lack of valuation of biocultural
assets, the lack of tools and the little participation of communities with this project. This
department sought for projects to take advantage of these resources in a sustainable man-
ner. In the sectoral tourism plan document 2018–2022 “TOURISM: THE PURPOSE THAT
JOINS US”, new policies were proposed in favor of scientific tourism, such as promoting
the digitalization of tourist attractions, products, and services, as well as the awareness
and communication required for the use and appropriation of new technologies by the
producers and consumers of this information.

In the last decade, the departmental government has made strong economic invest-
ments that have boosted the growth of new alternatives in the field of tourism. This is
evident in Chicamocha Park with the construction of the cable car that connects this park
with Mesa de los Santos. Another example is the Ecoparque Cerro del Santísimo, created in
2015 and located at an altitude of 1380 m in the mountains of Floridablanca. On the other
hand, improvements were made to the Palonegro airport with a view to strengthening the
massive arrival of tourists. However, according to figures from the Colombian Tourism
Information Center-CITUR of the Ministry of Commerce, Industry and Tourism hotel
occupancy in the department from 2014 to 2018 has remained stable at a level close to
45%, and last year only increased by 0.06%, despite having infrastructure. This denotes a
stagnation of the sector.

Authors such as [60–62] agree that the role of the government is fundamental for the
development of tourism, representing its greatest contribution for the case of the area in
question in the following topics:

• Policy formulation: in this aspect it is necessary to implement regulations that ensure
the protection of natural resources [63], such as the delimitation of the Santurbán moor
and establish environmental resource management planning. In economic aspects,
it is also important to provide tax benefits or incentives for the establishment of
community-based tourism enterprises [64].

• Infrastructure development: a contribution that can only be made by the government
for the development of the infrastructure that is needed, such as improvements in
access roads, stability in the provision of public services such as electricity, drinking
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water and access to Internet connectivity, that are still a weakness in the area, and that
are a source of comfort for tourists [65].

• Credit opportunities: the communities settled in the Santurbán moor will be hard hit
by the delimitation and the restriction of land use, so they will need access to soft
loans to leverage the start-up of tourism businesses in the region [66].

• Promotion of education: the absence of trained personnel for the attention of tourists
was one of the weaknesses detected in the analysis, so the creation of continuous
training programs on tourism issues, training of tour guides, and training in foreign
languages will be necessary [60]. For that, the communion between the academy as
trainer and the state as sponsor of these programs is necessary.

Government participation in tourism development should focus on improving the
existing regulatory framework, introducing community training programs, and generating
soft loans for ecotourism ventures, in short, providing legal and financial support for the
growth of tourism in the region.

4.3.3. Incorporating Technology as a Challenge for the Tourism Business Sector

The department of Santander in Colombia shares the natural reserve of the Santurbán
moor and, in recent years, it has shown interest in developing tourism ventures given the
potential that exists, strengthening mainly adventure tourism. Due to the characteristics
of the terrain, such as waterfalls, caves, steep trails, added to the colonial architecture of
the municipalities of Socorro, San Gil, Barichara, among others, has made Santander a
department to visit by nationals and foreigners.

According to Colombian Ministry of Industry and Commerce in Santander, in 2019,
there were 186 registered travel agencies, 148 lodgings or accommodations available and
36 duly registered tour guides (Ministry of Commerce, Industry and Tourism, 2019). Those
companies were enabled to manage tourism in the department according to [67], but most
are not standardized with quality standards that govern their operations, and sustainability
protocols are known but not applied. Their databases are obsolete, and their national
tourism registry does not reflect their current status, which denotes lack of control by the
authorities. Most tour guides have a paper registry that is used by travel agencies to reduce
the cost of paying for specialized personnel.

Given this scenario, tourism companies in Santander need to enter fully into Industry
4.0 technologies and ostensibly improve the training of their operators to be able to offer
intelligent and scientific tourism.

4.3.4. The Academy and Its Training Role

The active intervention of the Colombian and Santander academia is necessary for the
strengthening of individual and collective capacities of tour operators, because in Colombia
there is currently a deficit of trained personnel for the management of scientific tourism
or ecotourism [68]. In most cases, the personnel associated with tourism have the follow-
ing shortcomings according to the study of competitiveness of the nature tourism sector
in Colombia [4]:

• Lack of trained personnel with skills in operation, customer service, and tourism
product design; the concept of tourism products that are well oriented to the market
has not yet been developed.

• Limitations in bilingual staff in all areas of customer service.
• Specialized service: professional guide services, ornithologists, good transportation,

and logistical services, among others.
• Lack of specialized and bilingual guides, where the basic guide is only useful for general

tours. As of 2015, it was estimated that there was a 70% deficit of specialized guides.
• Lack of greater knowledge about the history and culture of the regions where tourism

activities are developed.

Among this range of difficulties is the lack of training and languages, which would
be a serious difficulty when it comes to attracting international tourists, and the lack
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of knowledge of the local fauna. Therefore, within the framework of scientific tourism
development in Santurbán Natural Park, it is necessary to include training for the personnel
that will be in contact with tourists.

Specifically, in Santander, there are currently two undergraduate programs and three
technological programs related to tourism and hotel administration that are needed to train
personnel involved in the management of this type of tourism. These programs should be
called upon to train the personnel needed for the implementation of sustainable tourism in
the region.

4.4. Science
The Potential of Scientific Knowledge Present in Santurbán Moor

The tourists that we want to motivate to visit the zone of influence of the Santurbán
moor, and Colombia in general, are people with scientific knowledge that may possibly
come to study and learn in areas of knowledge such as:

• Study of the unique varied vegetation that presents the reserve, developed according
to its altitude, such as arboreal in its lower altitudes (2800 m), shrubby in the middle
altitudes (3000 m) and herbaceous and shrubby at altitudes above 3400 m [50].

• The study of ornithology that has a variety 29 orders covering 86 families [69]. Among
which, species such as the chirriador, the ruddy duck, the moor duck, and in the last
decade, the condor that has been reintroduced to these places, stand out.

• The fish present in the Colombian moors and wetlands that are presented in 13 orders
covering 50 families [69]; the Santurbán complex has 26 lagoons that allows this study.

• The study of the insects presents in the frailejones that are of great abundance of which
there is little information and of the amphibians found in the multiple wetlands.

• Another scientific attraction is the study of the mosses present in the moor that are
widespread in all wetlands forming sponges that retain water, providing habitat for
insects and amphibians, making a substantial contribution to water regulation [70].

This natural variety is a treasure for science, as it is an exclusive spot in few countries
of the equatorial strip and can be included in field visits made by students from developed
countries to equatorial zone, such as those offered by the Smithsonian Tropical Research
Institute based in Panama, with a flow of 1400 scientists per year and located an hour and a
half from Bucaramanga by direct flight.

The possible visit of the scientific community would help to increase knowledge
about the species of the area, which would be achieved by implementing a technological
infrastructure of Industry 4.0, for the acquisition of knowledge in situ, that would then be
appropriated by the Santander and Colombian academia. On the other hand, although
there is tourism potential in the area for this type of tourism, it is necessary to create the
technological and infrastructure capacities for its development.

4.5. Industry 4.0 Technology

For the development of scientific tourism in Colombia, and particularly in the pro-
tected area of Santurbán, it is necessary to implement the required technical conditions
so that tourists, in addition to enjoying and learning, contribute to the scientific and aca-
demic growth of the region. For this, the framework proposes the implementation of a
software and hardware platform typical of Industry 4.0 [71], such as the digitization of
the information that can be obtained in the tours of the tourists, automatically using their
mobile devices turning each of them, into a means to grow the database of the information
of the biotics of the reserve. Applying artificial intelligence [72] during the tour with the
information that has been previously collected in the recognition of the flora and fauna of
the place, allowing scientific tourists technical information of a plant or animal with the
focus of these with the camera of their mobile device. Likewise, it includes the ability to
make tourist recommendations such as food sites and attractions in the visitor’s immediate
environment. The structure proposed for the development of the framework is presented
in Figure 4 and the contribution of its components will be detailed below.
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4.5.1. Artificial Intelligence and Recommender Systems to Support
Environmental Protection

In this fragile system, where tourists can have a destructive effect on the environment,
the development of a system of recommendations associated with the use of cell phones
may have a practical advantage to lessen the effect of tourists and in turn to provide them
with a better experience.

This system will be designed to be implemented in a cell phone application, as usually
tourists always have such phones. This application will be designed to detect by location
and recommend to its users, sites to visit inside the reserve without internet connection.
These recommendations could be, for example, some type of plants that are nearby or
outside the reserve but connected to it, and possible cultural or gastronomic, leisure or
adventure sites that could be of interest [73]. Ubiquitous semantic recommender systems
based on ontologies will be taken as a reference [74]. The latter being a conceptualization
coming from the philosophy, that in software engineering is applied to generate conceptu-
alizations for users coming from diverse sources with the support of artificial intelligence.
It allows representing knowledge in a way that improves its understanding [75]. To achieve
this link between the dispersed data in a complex information system, the application of
software techniques such as Big Data is necessary to complete the information and perform
the semantic construction [36].

4.5.2. Technological Surveillance with IoT Sensor Networks

Another component included in the framework is related to the possibility of moni-
toring the environmental quality of the reserve, for which we propose the development
and implementation of a software and hardware platform that allows the integration of
data from multiple sensors of environmental conditions present in the Santurbán moor,
including the following:

• Implementation of a low power consumption pH sensing system to monitor water quality.
• The amount of solar radiation with low energy consumption, powered by solar panels

to measure UVA, UVB and UVC radiation.
• Air quality in terms of the amount of particulate matter, carbon monoxide and carbon

dioxide, humidity, temperature, rainfall, and atmospheric pressure.

All these IoT sensors [76] are strategically distributed throughout the reserve and
connected with the LORAWAN protocol [77], which in turn allows the transmission of
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these data in real time under the Industry 4.0 paradigm, so that these data serve as a
reference for scientists in their study of the park and at the same time can generate alerts to
the environmental authorities of the environmental evolution of the reserve.

4.5.3. The Application of Big Data Techniques in Information Processing

Big Data analytics is described as the analytical framework that provides approaches
to extract information from this type of environment and characterize the data source that
is large, complex, heterogeneous, unstructured, unpredictable, and exposed to Scalability
Issues [78]. This analytical framework not only provides theory and methods, but also
facilitates the selection of systems and software. In general, Big Data analytics adopts
machine learning as one of the supporting tools to formulate this analytical framework.
Therefore, it depends on the successful advancements of its complementary field of machine
learning and other alternatives, such as data mining [79].

Cloud computing allows the increase in the volume of data to be processed, im-
prove storage procedures and data processing [80]. These techniques can be employed
for the project to process information related to plant and animal species present in the
Santurbán moor.

Authors such as [81] consider that Big Data can enhance the development of tourism
in the territories, proposing a digital model for tourism management, which provides
data and statistics so that, the different actors involved in the value chain of the tourism
industry, such as tour operators at different levels and policy makers are updated to reach
international competitiveness standards, increasing the value of their tourism products.

4.5.4. The Use of Augmented Reality and Image Recognition to Provide a Meaningful
Experience for Tourists

Augmented reality techniques allow the user of mobile devices to interact with infor-
mation related to images that the camera is focusing on in real time, increasing the learning
experience, because more images, 3D models and videos are displayed on the screen to
complement the related information that a flat image does not allow to see [82].

This feature of augmented reality would be of great importance when applied mas-
sively to tourism, as it allows visualizing environments spatially. This technique has been
used in advertising brochures to invite tourists to visit specific sites with a higher degree of
persuasion than looking at the same information in a normal way [83].

Its application becomes more relevant in the concept of scientific tourism, within the
possibilities that augmented reality brings to tourism, including visits to museums that
incorporate smart glasses to enhance the experience of visiting these sites [84]. The use of
augmented reality generates different levels of immersion in the subject.

Its application in scientific tourism in the Santurbán moor will provide greater learning
of geo-referenced highlighted areas where the tourist through the alert system according to
their location in the reserve, will know that they can visualize a part of the landscape in a
highlighted way with relevant scientific and cultural information.

On the other hand, the use of Big Data image recognition techniques will allow them
to focus on the reserve’s flora and obtain information about its biological characteristics,
common names, and possible uses and/or applications. Because the reserve is an area
without internet coverage it will be necessary to combine techniques that can be used in
situ without the support of cloud resources, this problem has already been addressed by
authors such as [85], with results of 90% effectiveness in the recognition of flora.

4.5.5. Digitization as a Mean to Increase Scientific Knowledge of the Area

In this era of massive use of digital electronic devices, where knowledge is increasingly
transmitted electronically, it is necessary to generate databases that allow the dissemina-
tion of scientific information, which increases productivity in its use [86]. Considering
threatened biological systems such as those of the Santurbán moor, digitization is a great
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contribution, because increasing the knowledge of their importance contributes positively
to their conservation and sustainability over time.

It is necessary to take advantage of the fact that in the group of scientific tourists there
are usually experts in biological topics that can contribute to the growth of the database on
the ecosystems they visit. In this aspect, this model is designed to help them take photos
and make classifications when they travel through the nature reserve, using their mobile
devices, which will then be validated by experts who will support the system. This will
allow for positive feedback and growth of the knowledge base.

To achieve this objective, the model shown in Figure 5 is proposed as an integral
part of the digitalization and use of information, which would result in a mutual use of
technology and a better experience for both parts of the system.
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5. Discussion

The starting point was the evaluation of the current situation in the ecological, social,
and economic fields, based on a bibliographic review, which formed a global contextualiza-
tion of what is the current situation in this area. As a result of this work, it was possible to
identify outstanding aspects, such as the natural resources present in the moor, for example,
some lagoons, an endemic vegetation, and the various cultural heritage in the vicinity.
These strengths, with governmental support could result in more Colombian tourists but
also foreign scientific tourists interested in its flora.

Based on expert opinions, a theoretical framework investigated application of the
Mic-Mac software and contact with stakeholders, and defined variables that have the
greatest influence for the implementation of tourism in the area were identified.

As a result of this analysis, weaknesses such as the lack of hotel infrastructure, techno-
logical backwardness, the lack of specialized personnel for tourist management, and envi-
ronmental preservation were detected [67,68]; the latter may be one of the main threats to
the ecosystem when combined with possible large-scale mining in the reserve [9,20].

A concordant point among the experts was the lack of infrastructure in the area to
accommodate visitors, the absence of a technological platform for tourism management,
and the almost non-existent presence of specialized personnel to attend to the flow of
tourists while guaranteeing the conservation of the natural heritage [4]. It was agreed
that state intervention is necessary to present a regulatory framework acceptable to both
the communities and the business sector, so that tourism activities can be carried out
without undermining their eco-systemic importance for the region [58]. At present, there
is no place in the region classed as a tourist destination, despite that currently owners of
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land adjacent to some lagoons are exploiting in an unstructured way the access to these
tourist attractions [12,87].

Once defined stakeholders and variables and a conceptual framework for the de-
velopment of sustainable tourism based on scientific knowledge is presented, the local
community should be fundamental pillar, because they shall receive the possible negative
impacts [19]. At the moment, it was found that some landowners have charged for entry
into their land to reach the lagoons, and while the tourists enter without a guide on a
delimited road with some rudimentary fences, there is no provision for the care of the moss
and other species that support the generation of the water.

On the other hand, it was found that there is no relationship between the community
and the tourism companies; the latter are limited to offering plans that include transporta-
tion and daily meals, bringing tourists from the capital to the entrance of the lagoons and
waiting for them at the exit with very little feedback between the community, tourists
and businessmen.

A factor that was evidenced in the analysis by the experts and in the surveys con-
ducted was the lack of technological infrastructure [26]. The entrepreneurs and tourists
consulted made it clear that the total absence of technological means is a clear competitive
disadvantage for tourism in general in the department of Santander. Therefore, the em-
phasis of the proposed conceptual framework on the implementation of Industry 4.0 for
tourism [71], allows integrated management by entrepreneurs, community and tourists.
This will support the care of the environment, for which the implementation of IoT sen-
sor networks is required to monitor the conditions of the reserve and provide real-time
information, the digitization of information. This will provide meaningful experiences,
such as augmented reality and image recognition [36,76,80,83], together aiming for the
result that the experience of visiting the protected area is in accordance with the needs of
today’s tourist.

The framework proposed in this research picks up aspects presented in previous
works, such as that of [14] who conducted a review analysis of the existing literature on
sustainable tourism from about 97 works indexed in Scopus. This work highlighted that
the most relevant issues were those related to economic aspects, community inclusion and
environmental protection, and that there is a tendency to leave aside the governance in
planted schemes and a lack of commitment by tourists in the aspects of environmental
protection. It suggested that future works on the topic should integrate in a better way
policies and institutional design. This aspect is consistent with what is presented by [88–90],
but the latter in turn advocated the inclusion of technology as a dominant factor to achieve
truly transformative changes with an interdisciplinary vision.

Another important aspect highlighted in the literature is the importance of educa-
tion to strengthen the transition to true long-term sustainability [91] and the inclusion of
systems thinking to better understand the interactions that occur around protected areas
that attract tourists [92] and the integration between businesses, managers, academics,
and communities [93]. The framework presented for sustainable development in the
Santurbán moor considers many of these needs and attempts to address them with a
technology-based approach.

This paper presented a possible framework for sustainable tourism development in
the Santurbán moor protected area in Colombia. It highlights the following aspects:

The SWOT analysis on the strengths, opportunities, weaknesses, and threats for the
implementation of this tourism corridor, gives an overview of the current situation and
may eventually allow the governance entities to generate some policies to mitigate the
weaknesses and enhance the strengths.

Another important result is to identify the variables that have most influence to
boost or stop the possible progress of tourism enterprises in the sector. But the most
important contribution was the presentation of a framework that integrates the most
relevant stakeholders and integrates them with a holistic approach based on science and
new technologies.
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This work is limited to the establishment of the correct policies that emerge from the re-
gional and national government, in addition to the need to improve the basic infrastructure
for the real development of tourism in the area.

6. Conclusions

This document presents a conceptual proposal looking for the development of an area
that is protected from an environmental point of view, but unprotected from the social
dimension, because of poverty, and the dependence of artisanal mining and monoculture
smallholdings. The limitation of these activities presents a dark outlook for the future of
this community. To contribute to the solution of this problem, the proposed framework
considers the interrelationship between the three dimensions, because if the problem
is not seen as a complex system where each component influences the others, the real
implementation would be destined to failure.

To achieve the complete evolution of this framework, a very positive synergy is
needed in the community, the state, the academy, and the tourism industry. The first must
be willing to participate in its implementation, the state must provide the legal framework
and infrastructure, the academy must prepare and transmit the necessary knowledge so
that there are knowledgeable guides not only of the terrain but also of the surrounding
nature and biota, and the tourism companies must be the engine for its promotion and
expansion at the national level.

The contribution of the technological dimension of Industry 4.0 with the internet of
things, Big Data, augmented reality, and the recommendation system working in parallel is
the differentiating element of this conceptual framework. It will allow tourists not only to
enjoy the terrain, to learn, but also to make their contributions with the advantages offered
by the flexible technology of mobile devices, leaving in its wake not only economic benefits
but also a legacy of knowledge.

Once this conceptual framework is implemented, its results can be extrapolated to
other regions of Colombia with the same potential for scientific tourism given the extensive
areas of pristine natural parks that this territory has.

Author Contributions: Conceptualization, M.F.F.; data curation, J.F.L.; formal analysis, M.F.F. and
E.C.; funding acquisition, J.F.L.; investigation, M.F.F.; methodology, E.C. and F.M.M.; project ad-
ministration, E.C.; software, J.F.L.; supervision, F.M.M. and B.d.S.; validation, F.M.M. and B.d.S.;
writing—original draft, M.F.F.; writing—review and editing, E.C. All authors have read and agreed
to the published version of the manuscript.

Funding: This research received no external funding.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: UNAB repository.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Serrano, M.R.; Serrano, Y.T.R. Incidencias de la Resolución no. 2090 de 2014 del Ministerio de Ambiente y Desarrollo Sostenible,

Frente a los Derechos Adquiridos de Propietarios–Caso Páramo de Santurbán. Hipótesis Libre, no. 11. 2017. Available online:
https://revistas.unilibre.edu.co/index.php/hipotesis_libre/article/view/3740 (accessed on 5 May 2022).

2. Celedón, N. Minería Ilegal se Toma una Zona de Santurbán. Portafolio. co.. 2014. Available online: https://www.portafolio.co/
economia/finanzas/mineria-ilegal-toma-zona-santurban-60276 (accessed on 5 May 2022).

3. Vialette, Y.; Mao, P.; Bourlon, F. Le tourisme scientifique dans les Alpes françaises: Un laboratoire pour la médiation scientifique
et la recherche. J. Alp. Res.|Rev. De Géographie Alp. 2021, 109–112. [CrossRef]

4. Orozco, N. Caracterización y Análisis de Competitividad del Sector de Turismo de Naturaleza en Colombia. Obtenido de.
Available online: https://www.colombiamascompetitiva.com/wp-content/uploads/2021/02/Reporte-Turismo.pdf (accessed on
5 May 2022).

5. Basto Torrado, S.P. The Socio-Environmental Conflict of the Santurban Wetland. A Bioethical Analysis with a Political Ecology
Focus. Rev. Colomb. Bioet. 2017, 12, 8–24. [CrossRef]

https://revistas.unilibre.edu.co/index.php/hipotesis_libre/article/view/3740
https://www.portafolio.co/economia/finanzas/mineria-ilegal-toma-zona-santurban-60276
https://www.portafolio.co/economia/finanzas/mineria-ilegal-toma-zona-santurban-60276
http://doi.org/10.4000/rga.9337
https://www.colombiamascompetitiva.com/wp-content/uploads/2021/02/Reporte-Turismo.pdf
http://doi.org/10.18270/rcb.v12i1.1942


Sustainability 2022, 14, 8728 22 of 25

6. Duarte-Abadía, B.; Boelens, R. Disputes over territorial boundaries and diverging valuation languages: The Santurban hydrosocial
highlands territory in Colombia. Water Int. 2016, 41, 15–36. [CrossRef]

7. Alonso, D.L.; Pérez, R.; Okio, C.K.Y.A.; Castillo, E. Assessment of mining activity on arsenic contamination in surface water and
sediments in southwestern area of Santurbán paramo, Colombia. J. Environ. Manage. 2020, 264, 110478. [CrossRef]

8. Méndez-Villamizar, R.; Mejía-Jerez, A.; Acevedo-Tarazona, Á. Territorialidades y representaciones sociales superpuestas en la
dicotomía agua vs. oro: El conflicto socioambiental por minería industrial en el páramo de Santurbán. Territorios 2020, 42SPE,
150–174. Available online: http://www.scielo.org.co/scielo.php?script=sci_arttext&pid=S0123-84182020000300150 (accessed on
5 May 2022). [CrossRef]

9. Flórez, J.D.Z.; Contreras, Á.P.H. Análisis de la Explotación Minera en el Páramo de Santurbán Antes y Después del 2014. 2020.
Available online: https://ciencia.lasalle.edu.co/economia/1625/ (accessed on 5 May 2022).

10. Gavilanes Montoya, A.V.; Esparza Parra, J.F.; Chávez Velásquez, C.R.; Tito Guanuche, P.E.; Parra Vintimilla, G.M.; Mestanza-
Ramón, C.; Vizuete, D.D.C. A Nature Tourism Route through GIS to Improve the Visibility of the Natural Resources of the Altar
Volcano, Sangay National Park, Ecuador. Land 2021, 10, 884. [CrossRef]

11. Buzinde, C.N.; Manuel-Navarrete, D.; Swanson, T. Co-producing sustainable solutions in indigenous communities through
scientific tourism. J. Sustain. Tour. 2020, 28, 1255–1271. [CrossRef]

12. Haid, M.; Albrecht, J.N. Sustainable Tourism Product Development: An Application of Product Design Concepts. Sustainability
2021, 13, 7957. [CrossRef]

13. MacKenzie, N.; Gannon, M.J. Exploring the antecedents of sustainable tourism development. Int. J. Contemp. Hosp. Manag. 2019,
31, 2411–2427. [CrossRef]

14. Rasoolimanesh, S.M.; Ramakrishna, S.; Hall, C.M.; Esfandiar, K.; Seyfi, S. A systematic scoping review of sustainable tourism
indicators in relation to the sustainable development goals. J. Sustain. Tour. 2020, 1–21. [CrossRef]

15. Cetin, M.; Zeren, I.; Sevik, H.; Cakir, C.; Akpinar, H. A study on the determination of the natural park’s sustainable tourism
potential. Environ. Monit Assess. 2018, 190, 1–8. [CrossRef]

16. Grilli, G.; Tyllianakis, E.; Luisetti, T.; Ferrini, S.; Turner, R.K. Prospective tourist preferences for sustainable tourism development
in Small Island Developing States. Tour. Manag. 2021, 82, 104178. [CrossRef]

17. Megeirhi, H.A.; Woosnam, K.M.; Ribeiro, M.A.; Ramkissoon, H.; Denley, T.J. Employing a value-belief-norm framework to gauge
Carthage residents’ intentions to support sustainable cultural heritage tourism. J. Sustain. Tour. 2020, 28, 1351–1370. [CrossRef]

18. Chong, K.Y.; Balasingam, A.S. Tourism sustainability: Economic benefits and strategies for preservation and conservation of
heritage sitesin Southeast Asia. Tour. Rev. 2018, 74, 268–279. [CrossRef]

19. Boley, B.B.; Strzelecka, M.; Woosnam, K.M. Resident perceptions of the economic benefits of tourism: Toward a common measure.
J. Hosp. Tour. Res. 2018, 42, 1295–1314. [CrossRef]

20. Ochoa, C. Generating conflict: Gold, water and vulnerable communities in the Colombian Highlands. In Natural Resources and
Sustainable Development; Edward Elgar Publishing: Cheltenham, UK, 2017.

21. Revilla, M.R.G.; Moure, O.M. Scientific tourism and future cities. Int. J. Sci. Manag. Tour. 2017, 3, 123–130.
22. Bourlon, F.; Torres, R. Scientific Tourism A Tool for Tourism Development in Patagonia. 2016. Available online: https://hal.

archives-ouvertes.fr/hal-01954694/document (accessed on 5 May 2022).
23. Alaoui, L.L.; Smouth, Z.; Benayache, S.; Saghrane, M.Y. Perception of scientific tourism in Moroccan University: Case of

Mohammed V University Rabat. Maghreb-Machrek 2019, 239, 69–78. [CrossRef]
24. Bourlon, F.; Mao, P. Las formas del turismo científico en Aysén, Chile. Gestión Turística 2011, 15, 74–98. [CrossRef]
25. Peña Castellanos, Y.E. Estrategias Para Postular el Páramo del Almorzadero Como Eje Ecoturístico del Municipio del Cerrito

Santander. 2019. Available online: https://repository.unad.edu.co/handle/10596/30996 (accessed on 5 May 2022).
26. Shafiee, S.; Ghatari, A.R.; Hasanzadeh, A.; Jahanyan, S. Developing a model for sustainable smart tourism destinations:

A systematic review. Tour. Manag. Perspect. 2019, 31, 287–300. [CrossRef]
27. van der Merwe, C.D. Tourist guides’ perceptions of cultural heritage tourism in South Africa. Bulletin of Geography. Socio-Econ.

Series 2016, 34, 117–130.
28. Izurieta, G.; Torres, A.; Patino, J.; Vasco, C.; Vasseur, L.; Reyes, H.; Torres, B. Exploring community and key stakeholders’

perception of scientific tourism as a strategy to achieve SDGs in the Ecuadorian Amazon. Tour. Manag. Perspect. 2021, 39, 100830.
[CrossRef]

29. Bourlon, F.; Gale, T.; Adiego, A.; Álvarez-Barra, V.; Salazar, A. Grounding Sustainable Tourism in Science—A Geographic
Approach. Sustainability 2021, 13, 7455. [CrossRef]

30. Herningtyas, W.; Njurumana, G.N.; Feriani, M.E.S.; Mugiono, I. Development Strategies of Oelsonbai Research Center Scientific
Tourism in KHDTK Oelsonbai Kupang. J. Sylva Lestari 2022, 10, 63–82. [CrossRef]

31. Conti, B.R.; Elicher, M.J.; Lavandoski, J. Systematic review of the literature on scientific tourism. Rev. Bras. Pesqui. Tur. 2021, 15.
[CrossRef]

32. Greenfield, J.; Short, K. Software factories: Assembling applications with patterns, models, frameworks and tools. In Proceedings
of the Companion of the 18th annual ACM SIGPLAN Conference on Object-Oriented Programming, Systems, Languages,
and Applications, Anaheim, CA, USA, 26–30 October 2003; pp. 16–27.

33. Narasimhan, V.L. Managing diseases thru’Asclepios: An agile information exploitation framework. In Proceedings of the
2017 IST-Africa Week Conference (IST-Africa), Windhoek, Namibia, 30 May–2 June 2017; pp. 1–9.

http://doi.org/10.1080/02508060.2016.1117271
http://doi.org/10.1016/j.jenvman.2020.110478
http://www.scielo.org.co/scielo.php?script=sci_arttext&pid=S0123-84182020000300150
http://doi.org/10.12804/revistas.urosario.edu.co/territorios/a.7563
https://ciencia.lasalle.edu.co/economia/1625/
http://doi.org/10.3390/land10080884
http://doi.org/10.1080/09669582.2020.1732993
http://doi.org/10.3390/su13147957
http://doi.org/10.1108/IJCHM-05-2018-0384
http://doi.org/10.1080/09669582.2020.1775621
http://doi.org/10.1007/s10661-018-6534-5
http://doi.org/10.1016/j.tourman.2020.104178
http://doi.org/10.1080/09669582.2020.1738444
http://doi.org/10.1108/TR-11-2017-0182
http://doi.org/10.1177/1096348018759056
https://hal.archives-ouvertes.fr/hal-01954694/document
https://hal.archives-ouvertes.fr/hal-01954694/document
http://doi.org/10.3917/machr.239.0069
http://doi.org/10.4206/gest.tur.2011.n15-04
https://repository.unad.edu.co/handle/10596/30996
http://doi.org/10.1016/j.tmp.2019.06.002
http://doi.org/10.1016/j.tmp.2021.100830
http://doi.org/10.3390/su13137455
http://doi.org/10.23960/jsl.v10i1.522
http://doi.org/10.7784/rbtur.v15i2.1981


Sustainability 2022, 14, 8728 23 of 25

34. Zou, L.; Liu, Q.; Zhang, C.; Yang, H. An approach to applying creative computing in tourism by constructing a big data based
knowledge system framework. In Proceedings of the 2016 22nd International Conference on Automation and Computing (ICAC),
Colchester, UK, 7–8 September 2016; pp. 244–249.

35. Wakahara, T.; Maki, T.; Takahashi, K.; Yamaguchi, A.; Kimoto, S.; Takagi, A.; Ichifuji, Y.; Sonehara, N. Tourism Local Community
System Using LOD. In Proceedings of the 2016 10th International Conference on Complex, Intelligent, and Software Intensive
Systems (CISIS), Fukuoka, Japan, 6–8 July 2016; pp. 332–336.

36. Fang, Y.; Jiaming, Z.; Yaohui, L.; Mei, G. Semantic description and link construction of smart tourism linked data based on
big data. In Proceedings of the 2016 IEEE International Conference on Cloud Computing and Big Data Analysis (ICCCBDA),
Chengdu, China, 5–7 July 2016; pp. 32–36.

37. Flórez, A.; Barajas, A.F.; Jaramillo, O.; Martínez, N.J.; Barrera, M.S.; Montoya, J.W. Sistemas Morfogénicos del Territorio Colombiano;
IDEAM: Bogotá, Colombia, 2010.

38. Castaño, C. Golfos y bahías de Colombia. Banco de Occidente Credencial. 2002. Available online: https://www.imeditores.com/
banocc/golfos/bibliografia.htm (accessed on 5 May 2022).

39. Portocarrero-Aya, M.; Cowx, I.G. Conservation of freshwater biodiversity in key areas of the Colombian Amazon. Aquat. Conserv.
Mar. Freshw. Ecosyst. 2016, 26, 350–363. [CrossRef]

40. Nuncira Chaves, A.N.; González Velandia, N.C. Propuesta de Correlación Espacial Entre los Cambios Inducidos Antrópicamente
y Las Áreas Protegidas en Parques Nacionales. Estudio de Caso: Área de Manejo Especial La Macarena (AMEM). 2020. Available
online: https://ciencia.lasalle.edu.co/ing_ambiental_sanitaria/1844/ (accessed on 5 May 2022).

41. Brüggemann, J.; Hernández, M.; Rodríguez, E.; Soler, J.; Tapper, R. Biodiversity and Tourism in the Framework of the Convention
on biological Diversity: The case of the Tayrona National Park, Colombia. In Report of the Workshop at Cañaveral; Bundesamt für
Naturschutz (BfN)/Federal Agency for Nature Conbservation Konstantinstr.: Bonn, Germany, 2001; pp. 25–30.

42. Godet, M. The art of scenarios and strategic planning: Tools and pitfalls. Technol. Forecast. Soc. Change 2000, 65, 3–22. [CrossRef]
43. Flostrand, A.; Pitt, L.; Bridson, S. The Delphi technique in forecasting–A 42-year bibliographic analysis (1975–2017). Technol.

Forecast. Soc. Change 2020, 150, 119773. [CrossRef]
44. Gisbert-Trejo, N.; Albizu, E.; Landeta, J.; Fernández-Ferrín, P. Mentee characteristics in inter-organizational mentoring for

managers: A hybrid Delphi survey. Eur. J. Training Dev. 2020, 44, 369–389. [CrossRef]
45. Gutierrez, O. Experimental techniques for information requirements analysis. Inf. Manag. 1989, 16, 31–43. [CrossRef]
46. Ryan, R.M.; Deci, E.L. Self-determination theory and the facilitation of intrinsic motivation, social development, and well-being.

Am. Psychol. 2000, 55, 68. [CrossRef]
47. Skulmoski, G.J.; Hartman, F.T.; Krahn, J. The Delphi method for graduate research. J. Inf. Technol. Educ. Res. 2007, 6, 1–21.

[CrossRef]
48. Hallowell, M.R.; Gambatese, J.A. Qualitative research: Application of the Delphi method to CEM research. J. Constr. Eng. Manag.

2010, 136, 99–107. [CrossRef]
49. Zhang, H.; Song, H.; Wen, L.; Liu, C. Forecasting tourism recovery amid COVID-19. Ann. Tour. Res. 2021, 87, 103149. [CrossRef]
50. Sarmiento Pinzón, C.E.; Sarmiento Giraldo, M.V.; León Moya, O.A.; Cadena Vargas, C.E.; Cuervo, Á.; Marín, C.; Jiménez,

D.; Jaramillo, O.; Ramírez Aguilera, D.P.; Corzo, L.; et al. Aportes a la Delimitación del Páramo Mediante la Identificación
de los Límites Inferiores del Ecosistema a Escala 1: 25.000 y Análisis del Sistema Social Asociado Al Territorio: Complejo
de Páramos Jurisdicciones Santurbán–Berlín Departamentos de Santander y Norte de Santande. 2014. Available online:
http://hdl.handle.net/20.500.11761/32539 (accessed on 5 May 2022).

51. Laura, N.M. Minesa Extraería Hasta Nueve Millones de Onzas de oro en Soto Norte en Santander. La República, Bogotá.
29 February 2020. Available online: https://www.larepublica.co/empresas/minesa-extraeria-nueve-millones-de-onzas-de-oro-
en-soto-norte-en-santander-2971200 (accessed on 5 May 2022).

52. García, H. Valoración de los Bienes y Servicios Ambientales Provistos por El Páramo de Santurbán. 2013. Available online:
http://hdl.handle.net/11445/332 (accessed on 5 May 2022).

53. Marín, C.; Parra, S. Bitácora de Flora. Guía Visual de Plantas de Páramos de Colombia. 2015. Available online: http://hdl.handle.
net/20.500.11761/9283 (accessed on 5 May 2022).

54. Angeliaume-Descamps, A.; Blot, F.; Luis, D.; Adam, H. Les páramos andins. L’Ordinaire Amériques 2015, 218, 7p.
55. Monzonís, J.S. Análisis prospectivo del turismo rural: El caso de la Comunitat Valenciana. Cuad. Tur. 2014, 34, 313–334.
56. Nunes, S.L.; Sousa, V.; CIRIUS-ISEG. Perfect resources, tourism and territorial singularities: Contributions to the development of

a scientific tourism line in Golegã. Rev. Port. Estud. Reg. 2019, 50, 27–47.
57. Riaño, P.F.P. La minería colonial en el páramo de Santurbán, el caso de Las Montuosas, Vetas y Páramo Rico. Boletín Hist.

Antigüedades 2014, 101, 517–577.
58. Torrado, S.P.B. El conflicto socioambiental del páramo Santurbán. Un análisis bioético con enfoque de ecología política. Rev.

Colomb. Bioética 2017, 12, 8–24. [CrossRef]
59. Vidal, L.F.; Delgado, J.; Andrade, G.I. Factores de la vulnerabilidad de los humedales altoandinos de Colombia al cambio climático

global. Cuad. Geogr. Rev. Colomb. Geogr. 2013, 22, 69–85. [CrossRef]
60. Kubickova, M.; Campbell, J.M. The role of government in agro-tourism development: A top-down bottom-up approach. Curr.

Issues Tour. 2020, 23, 587–604. [CrossRef]

https://www.imeditores.com/banocc/golfos/bibliografia.htm
https://www.imeditores.com/banocc/golfos/bibliografia.htm
http://doi.org/10.1002/aqc.2582
https://ciencia.lasalle.edu.co/ing_ambiental_sanitaria/1844/
http://doi.org/10.1016/S0040-1625(99)00120-1
http://doi.org/10.1016/j.techfore.2019.119773
http://doi.org/10.1108/EJTD-02-2019-0022
http://doi.org/10.1016/0378-7206(89)90025-6
http://doi.org/10.1037/0003-066X.55.1.68
http://doi.org/10.28945/199
http://doi.org/10.1061/(ASCE)CO.1943-7862.0000137
http://doi.org/10.1016/j.annals.2021.103149
http://hdl.handle.net/20.500.11761/32539
https://www.larepublica.co/empresas/minesa-extraeria-nueve-millones-de-onzas-de-oro-en-soto-norte-en-santander-2971200
https://www.larepublica.co/empresas/minesa-extraeria-nueve-millones-de-onzas-de-oro-en-soto-norte-en-santander-2971200
http://hdl.handle.net/11445/332
http://hdl.handle.net/20.500.11761/9283
http://hdl.handle.net/20.500.11761/9283
http://doi.org/10.18270/rcb.v12i1.1942
http://doi.org/10.15446/rcdg.v22n2.37018
http://doi.org/10.1080/13683500.2018.1551338


Sustainability 2022, 14, 8728 24 of 25

61. Agyeiwaah, E. Over-tourism and sustainable consumption of resources through sharing: The role of government. Int. J. Tour.
Cities 2019, 6, 99–116. [CrossRef]

62. Liu, C.; Dou, X.; Li, J.; Cai, L.A. Analyzing government role in rural tourism development: An empirical investigation from China.
J. Rural Stud. 2020, 79, 177–188. [CrossRef]

63. Wang, W.; Liu, J.; Innes, J.L. Conservation equity for local communities in the process of tourism development in protected areas:
A study of Jiuzhaigou Biosphere Reserve, China. World Dev. 2019, 124, 104637. [CrossRef]

64. Giampiccoli, A.; Mtapuri, O. Tourism and independence: Beyond neoliberalism and dependency a community-based tourism
proposal for Kurdistan. Afr. J. Hosp. Tour. Leis 2020, 9, 1–19.

65. Harianto, S.P.; Masruri, N.W.; Winarno, G.D.; Tsani, M.K.; Santoso, T. Development strategy for ecotourism management based
on feasibility analysis of tourist attraction objects and perception of visitors and local communities. Biol. Divers. 2020, 21, 689–698.
[CrossRef]

66. Li, C.; Ahmed, N.; Qalati, S.A.; Khan, A.; Naz, S. Role of business incubators as a tool for entrepreneurship development: The
mediating and moderating role of business start-up and government regulations. Sustainability 2020, 12, 1822. [CrossRef]

67. Arévalo, D.H.C. Diagnóstico preliminar para la organización del plan de desarrollo turístico del destino Santander, Colombia.
Gestión Turística 2019, 31, 7–47. [CrossRef]

68. Cortés Osorio, N. Turismo de Naturaleza en Colombia, Barreras Encontradas Para la Certificación de esta Actividad. 2019.
Available online: http://hdl.handle.net/11634/28966 (accessed on 5 May 2022).

69. Beltrán, N.; Buitrago, L. Lista de Taxones Asociados a Páramos y Humedales de Colombia. 2015. Available online: http:
//hdl.handle.net/20.500.11761/9631 (accessed on 5 May 2022).

70. Pérez, C.D.; Martha, F.M. Riqueza de Musgos por Sustrato del Complejo de Páramos Guantivala Rusia (Boyacá-Santander,
Colombia). 2018. Available online: http://repositorio.uptc.edu.co/handle/001/6652 (accessed on 5 May 2022).

71. Barreto, L.; Amaral, A.; Pereira, T. Industry 4.0 implications in logistics: An overview. Procedia Manuf. 2017, 13, 1245–1252.
[CrossRef]

72. Dopico, M.; Gómez, A.; de la Fuente, D.; García, N.; Rosillo, R.; Puche, J. A vision of Industry 4.0 from an artificial intelligence
point of view. In Proceedings of the International Conference on Artificial Intelligence (ICAI), New York, NY, USA, 9–15 July
2016; p. 407.

73. Gutiérrez Losada, I. Ontologías Turísticas Geográficas: Creación de una Ontología Sobre Rutas Turísticas (a Pie o en Bicicleta) por
Espacios Naturales. 2010. Available online: http://hdl.handle.net/10609/2284 (accessed on 5 May 2022).

74. Bezerra, S.F.; Costa, A.; Neto, F.M.; Silva, P.; Monteiro, B.d. Um Sistema de Recomendação Híbrido Integrado a Ontologia em
um Ambiente de Aprendizagem Ubíqua. In Brazilian Symposium on Computers in Education (Simpósio Brasileiro de Informática na
Educação-SBIE); 2018; Volume 29, no. 1; p. 1253. Available online: http://ojs.sector3.com.br/index.php/sbie/article/view/8085
(accessed on 5 May 2022).

75. Jaramillo, C.M.Z.; Giraldo, G.L.; Giraldo, G.A.U. Las Ontologías en la Ingeniería de Software: Un Acercamiento de dos Grandes
Áreas del Conocimiento. Rev. Ing. Univ. Medellín 2010, 9, 91–99.

76. Tziortzioti, C.; Amaxilatis, D.; Mavrommati, I.; Chatzigiannakis, I. IoT sensors in sea water environment: Ahoy! Experiences from
a short summer trial. Electron. Theor. Comput. Sci. 2019, 343, 117–130. [CrossRef]

77. Moreno, E.S.R.; Ordoñez, V.F.L. Diseño e Implementación de un Sistema Inteligente Para un Edificio Mediante IOT Utilizando el
Protocolo de Comunicación LORAWAN. 2017. Available online: http://hdl.handle.net/11349/7394 (accessed on 5 May 2022).

78. Suthaharan, S. Machine learning models and algorithms for big data classification. Integr. Ser. Inf. Syst. 2016, 36, 1–12.
79. Suthaharan, S. Big data analytics: Machine learning and Bayesian learning perspectives—What is done? What is not? Min. Knowl.

Discov. 2019, 9, e1283. [CrossRef]
80. Yang, C.; Huang, Q.; Li, Z.; Liu, K.; Hu, F. Big Data and cloud computing: Innovation opportunities and challenges. Int. J. Digit.

Earth 2017, 10, 13–53. [CrossRef]
81. Iorio, C.; Pandolfo, G.; D’Ambrosio, A.; Siciliano, R. Mining big data in tourism. Qual. Quant. 2020, 54, 1655–1669. [CrossRef]
82. Diaz, C.; Hincapié, M.; Moreno, G. How the type of content in educative augmented reality application affects the learning

experience. Procedia Comput. Sci. 2015, 75, 205–212. [CrossRef]
83. Yung, R.; Khoo-Lattimore, C. New realities: A systematic literature review on virtual reality and augmented reality in tourism

research. Curr. Issues Tour. 2019, 22, 2056–2081. [CrossRef]
84. Dieck, M.C.t.; Jung, T.; Han, D.-I. Mapping requirements for the wearable smart glasses augmented reality museum application.

J. Hosp. Tour. Technol. 2016, 7, 230–253. [CrossRef]
85. Feierherd, G.; González, F.; Viera, L.; Soler, R.; Romano, L.; Delía, L.; Depetris, B. Combining artificial intelligence services for the

recognition of flora photographs: Uses in augmented reality and tourism. In Argentine Congress of Computer Science; Springer:
Berlin/Heidelberg, Germany, 2018; pp. 367–375.

86. Hannola, L.; Richter, A.; Richter, S.; Stocker, A. Empowering production workers with digitally facilitated knowledge processes—A
conceptual framework. Int. J. Prod. Res. 2018, 56, 4729–4743. [CrossRef]

87. Kapera, I. Sustainable tourism development efforts by local governments in Poland. Sustain. Cities Soc. 2018, 40, 581–588.
[CrossRef]

88. Guo, Y.; Jiang, J.; Li, S. A sustainable tourism policy research review. Sustainability 2019, 11, 80. [CrossRef]

http://doi.org/10.1108/IJTC-06-2019-0078
http://doi.org/10.1016/j.jrurstud.2020.08.046
http://doi.org/10.1016/j.worlddev.2019.104637
http://doi.org/10.13057/biodiv/d210235
http://doi.org/10.3390/su12051822
http://doi.org/10.4206/gest.tur.2019.n31-02
http://hdl.handle.net/11634/28966
http://hdl.handle.net/20.500.11761/9631
http://hdl.handle.net/20.500.11761/9631
http://repositorio.uptc.edu.co/handle/001/6652
http://doi.org/10.1016/j.promfg.2017.09.045
http://hdl.handle.net/10609/2284
http://ojs.sector3.com.br/index.php/sbie/article/view/8085
http://doi.org/10.1016/j.entcs.2019.04.014
http://hdl.handle.net/11349/7394
http://doi.org/10.1002/widm.1283
http://doi.org/10.1080/17538947.2016.1239771
http://doi.org/10.1007/s11135-019-00927-0
http://doi.org/10.1016/j.procs.2015.12.239
http://doi.org/10.1080/13683500.2017.1417359
http://doi.org/10.1108/JHTT-09-2015-0036
http://doi.org/10.1080/00207543.2018.1445877
http://doi.org/10.1016/j.scs.2018.05.001
http://doi.org/10.3390/su11113187


Sustainability 2022, 14, 8728 25 of 25
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