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Abstract: The cataloguing experience presented addresses two key challenges of cataloguing in-
dustrial heritage assets. On the one hand, despite their value and interest, some of these assets are
little known and difficult to identify. Moreover, on the other hand, this heritage typology needs
further promotion and valuation. In this context, collaborative cataloging responds to both chal-
lenges from its initial approach. Unlike cataloging tasks developed by small teams, involving many
people throughout the territory allows to take advantage of the local knowledge of each participant.
However, in addition, each participant contributes to the dissemination of the goods collected in the
generated catalog. First in a passive way, when knowing the contributions of the rest of the partici-
pants. Secondly, actively, by disseminating the cataloging initiative developed among their contacts.
This cataloguing experience has been developed with the students of the subject Environmental
Project Management during the last four courses. The assets selected by the students (106) as case
studies to develop a reuse project are shown in an open web map, which includes the narrated video
presentation of the proposal developed for some of them (25). The obtained results contribute both
the identification and promoting of this kind of assets.

Keywords: industrial heritage; cataloguing; collaborative; teaching; industrial tourism; environmen-
tal project management; reuse; manufacturing

1. Introduction

Due to its characteristics, the conservation of industrial heritage requires the reuse of
its assets for new activities other than the original activity, linked, directly or indirectly,
to a production process. Today, the industrial heritage is well valued by society, but the
acceptance of industrial heritage as a typology of cultural heritage has been a slow process.
The identification of its values and its justification has been the subject of numerous studies,
developed from a wide variety of approaches. In this sense, the intense industrialization of
some areas and their equally intense process of deindustrialization decades later, caused
in a very short time, and especially in the cities, a large amount of goods and industrial
landscapes of clear interest but without use and with many questions on how to assess and
manage such a large and recent heritage sample [1]. Industrial heritage allows to preserve
testimonies of relevant productive activities, and its assets may contain technological,
scientific, historical, or aesthetic values, but it stands out compared to other heritage
typologies due to its special capacity to offer identity to a community [2,3], and its analysis
and management require innovative approaches [3]. The emphasis on the connections of
this heritage with the memory and identity of the community is key to the social acceptance
of initiatives for the conservation and reuse of these assets [4,5].

Thus, the adaptation projects of old buildings of industrial origin for new uses is
actually a common practice [6]. In the same way, many authors study the opportunities
of this type of action and the best methodologies and practices to carry them out within
sustainable development approaches [7–10], while other lines of research related to this

Sustainability 2021, 13, 10854. https://doi.org/10.3390/su131910854 https://www.mdpi.com/journal/sustainability

https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0002-1840-2505
https://orcid.org/0000-0003-3463-3255
https://doi.org/10.3390/su131910854
https://doi.org/10.3390/su131910854
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/su131910854
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su131910854?type=check_update&version=2


www.manaraa.com

Sustainability 2021, 13, 10854 2 of 22

typology have been consolidated, such as the industrial tourism [11–14]. In this way, in
recent years, industrial heritage has been consolidated as a valuable resource for local
development [15] and for the economic reactivation of both urban and rural areas in the
post-industrial era. The large areas affected by the industrialization process and subsequent
deindustrialization give industrial heritage great potential for territorial regeneration in
some regions, becoming a reterritorialization tool capable of even modifying the identity of
the territory [16]. Since the 1990s, acceptance and sensitivity towards industrial heritage is
a reality throughout Europe [5,17], a trend to which Spain joined with some delay [5] and
in which the emergence and consolidation of industrial archeology as a discipline had great
importance [18,19]. Despite the current context, which is favorable for the protection of this
patrimonial typology, it is important to pay attention to the perception by society of these
assets in order to reinforce the identity bond without over-prioritizing mainly economic
aspects [3]. Sometimes, the social dimension of industrial heritage is neglected, prioritizing
economic and environmental aspects, which has bad consequences on the sustainability of
regeneration processes [20].

Recent studies analyze this problem from new interesting approaches, such as the
negative perception that industrial tourism can generate in some communities [21–23], the
interest of citizen participation as a strategy for the social acceptance of actions to recover
these assets [24,25], and even for the voluntarily monitoring of the industrial heritage [25].
It is also very interesting to observe the convergences and divergences of research on
industrial heritage in different territorial and cultural contexts [26].

Assuming this need and being consistent with the consideration of heritage, it is
important that the characteristics of value that grant said heritage value are not attacked
when adapting the assets to the new use [27,28]. Given the variety and heterogeneity of
characteristics of potential value that industrial heritage assets may possess, the authors
of this work consider especially useful the approaches that support the valuation of these
assets in multi-criteria decision-aid tools and techniques [10,27–30]. However, there is a
previous question, how to assess what these valuable characteristics are without knowing
the sample of goods that make up the typology? Any assessment requires a context, and
that context can condition the results of the assessment. In this sense, knowing the sample
of goods that make up the industrial heritage provides a significant part of the context
necessary to assess the interest of a specific asset.

Highly recognized international consensus, such as The Declaration of Amsterdam [31]
and The Niznhy Tagil Charter for the Industrial Heritage [32], remark the importance and
the need to identify the set of assets included in the typology studied. An identification
that must be registered following specific criteria of the typology [33,34].

When analyzing a good of a certain type, it is necessary to know the main characteris-
tics of said type, derived from those that mostly present qualifiable assets as part of said
typology [35–37]. This is important in order to be able to assess both the presence of those
characteristics in the particular good analyzed and their degree of uniqueness. This last
aspect can only be assessed in reference to the sample of existing goods. The features of
special interest of a given asset are so in relation to their exclusivity with respect to other
similar assets. Otherwise, without knowing the sample of goods a special value may be
given to a good that in reality can be quite common within the typology.

Thus, the identification and cataloging of assets represents an initial task within the
process of protection of this built industrial heritage, not a final one [38], that must be
tackled in an ambitious manner, trying to make the amount of identified assets as close
as possible to the existing set. In typologies such as industrial heritage, this represents a
challenge, given the large number of existing immovable assets and the concentration of
many of them in short periods of time, such as the first and second industrial revolutions.
The location of some assets or the short time they were active are examples of some of the
factors that can make some goods of great interest little known outside the local level. For
this reason, the larger the territory that the cataloging initiative wants to cover, the greater
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the difficulty of being able to bring to light these less known but existing examples in the
different regions.

It is in this context that the collaborative cataloging strategy has special potential.
There are collaborative or cooperative cataloging initiatives, but more associated with
intangible assets and mainly oriented to databases in which contents in digital formats
are managed [39–41]. On the contrary, the cataloging experience analyzed in this work
is oriented to the built industrial heritage. It is, therefore, a very different approach and
in which the identification of new assets requires work in the field by the participants in
the cataloging initiative. In addition, the geolocation of movable property offers opportu-
nities for the dissemination and promotion of heritage that are considered to have great
potential [42]. In this sense, constant technological development continuously offers new
opportunities, even for the detection of goods [43].

The cataloging initiative analyzed in this work is focused on the industrial heritage
of Spain. Therefore, the territorial scope to be covered is wide, so the next challenge
may be the formation of a group or team with a sufficient presence throughout the entire
territory. In this sense, this cataloging experience arises from a practical activity developed
in the Environmental Project Management course at the National University of Distance
Education (UNED), in which students must select a good of this type to develop a reuse
project. In this way, students are who each year identify a new set of goods that are later
incorporated into the collaborative catalog.

The special characteristics of the UNED distance education model are understood
as keys to the success of this experience. The student body is scattered throughout the
national territory and the university has a network of 60 Territorial Associated Centers and
numerous support classrooms that give it a great presence throughout the territory. In this
way, unlike universities linked to a much more limited territorial scope, the UNED has the
structure needed to channel an experience like this through the activities carried out by
its students.

The design of teaching experiences focused on the study of industrial heritage assets
is considered by the authors to be very interesting in the field of technical education, both
because of the scientific-technological interest in this type of asset and because of the
contribution of this type of activities to the dissemination of industrial heritage. A clear
example, and probably the most recurrent, of the teaching potential of practical activities
based on industrial heritage goods in the context of technical teachings is the recreation
of industrial, movable or immovable assets, using computer-aided design tools [44–46].
This work explores the potential of these heritage issues in subjects from a different area
of knowledge, such as project management. Thus, since the cataloging initiative arises
from a previous teaching experience, this work also analyzes the interest and impact
that the strategy designed around the study of industrial heritage assets has had in the
teaching context.

This teaching experience has, like the cataloging initiative launched, a collaborative
approach. Students must select industrial heritage assets and propose reuse projects. These
projects are developed individually, but then works must be presented by their authors
and the proposals are discussed by students and teachers. This second phase is the most
interesting from the teaching point of view, and in it students can share experiences and
approaches, and construct new knowledge together [47], which is aligned with the concept
of education for sustainable development (ESD) proposed by the UNESCO [48,49] and
which contributes to greater student motivation [50]. At the same time, from the point of
view of the European Higher Education Area (EHEA) [51], teacher–student interactions are
identified as a key way to generate knowledge in university education [52]. This approach
is especially appropriate in engineering project subjects, not only because of its practical and
applicative nature that is more conducive to active learning methodologies, but also because
of the possibility of learning in the way in which other students face the same problem
and of the solutions they propose [53–55]. Collaborative learning provides strategies
aligned with the teaching model defined by the EHEA for project subjects [53] and also
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provides valuable skills, such as team work abilities, which are valued by companies and
can represent competitive advantages within the job market [54,56,57]. In addition, the new
information and communication technologies offer multiple possibilities for collaborative
learning [58], reducing the traditional limitations of distance education models for this
type of strategies compared to classroom education.

Thus, this work presents two independent experiences in their development but
intimately related since both have been conceived and designed in a joint and integrated
way. Both provide feedback and support each other, and simultaneously contribute to
Goal 4 (Quality Education) and Goal 11 (Sustainable Cities and Societies) of the Sustainable
Development Goals of the European Union [59].

In this way, this work presents an investigation in educational innovation based on the
collaborative learning of students through the development and sharing of action projects
in industrial immovable assets, and whose results are used for the dissemination and
promotion of industrial heritage through the creation of a collaborative and public catalog.
The possibility offered by the UNED teaching model to involve a significant number of
students distributed throughout the national territory in the identification of assets of
potential interest, is considered very attractive. The possibilities of this type of teaching
strategies in the promotion of industrial heritage are discussed through the results of the
experience developed during four academic years, understanding this time as sufficient to
observe certain trends, comment on the results, and point out new actions in the future.

2. Materials and Methods

The authors of this work have been developing different initiatives for the cataloging
of industrial real estate assets of industrial heritage in Spain. The motivation for these
cataloging attempts arises from the idea of developing a methodology to guide industrial
property reuse projects towards new uses that are not very aggressive with their heritage
values. That is, activities that require little adaptation of the asset or an adaptation that
does not affect the parts identified as valuable. At that time, it was considered that
the catalogs available on goods of this type, the initial catalog of the National Plan for
Industrial Heritage [60] and the Minimum Catalog of the International Committee for
the Conservation of Industrial Heritage [61], were not representative of the real sample
of goods and, therefore, of the typology that was to be studied. The catalog elaborated
by DOCOCMOMO Ibérico about the industrial assets of the modern movement was
also considered [62], and all the industrial assets protected as Assets of Cultural Interest
(BIC) were identified, but the sample was still not broad enough to be understood as
representative of the typology.

The authors considered that in order to achieve the final objective of being able to
assess the impact of a reuse action on the industrial heritage value of a particular asset, the
valuable aspects in this type of goods should be previously established. Moreover, at the
same time, to value an asset of this type it was considered necessary to know enough about
the real sample, both to be able to understand the features of these goods in the national
territory and in each of its regions, and to be able to contextualize each particular element
within the sample and to assess their uniqueness. In this way, a first catalog was made in
which 1354 goods were identified, applying 49 classification criteria to all of them. From
the combination of these criteria, numerous analyses of a different nature were derived that
sought to characterize the typology in each region and in the entire national territory [63].
The main results related to the cataloging of assets were collected in a book, which is the one
that the students of the subject use as a reference for the development of the activity [64].
The results of the research related to the estimation of the heritage value of the assets and
the identification of the most respectful uses with their conservation was addressed by
adapting the Hierarchical Analytical Process [65] as a tool to aid decision-making. This part
is provided to students through publications derived from the research [27,28], in which
the key aspects, such as the set of values considered, are exposed.
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At the same time, the authors have continued to work on improving the catalog, both
in relation to the classification criteria applied to the sample of goods [35] and to increase the
number of goods identified. Regarding the identification of new assets, the authors began
a process of updating and reviewing the catalog through partial cataloging works focused
on specific territories [66–70]. Through the experience of these works of identification
and cataloging of assets, the authors encountered many difficulties in identifying some
little-known but very interesting and valuable assets, especially in rural areas. From that
perception, the possibility of launching collaborative cataloging initiatives began to be
considered, thinking of taking advantage of the knowledge of the local heritage that only
the inhabitants of each territory have, as a result of the cultural heritage transmitted by
previous generations.

The next question was with which local agents this collaboration could be established.
It is then when the idea arises of developing a pilot experience in the subject of Environ-
mental Project Management, proposing to the students a practical activity based on the
development of a project for the reuse of an industrial heritage asset in their environment.
The unique characteristics of the UNED, with the presence of students throughout the
national territory, offered a unique opportunity. On the one hand, each academic course
could provide new collaborators distributed throughout the territory, who could contribute
their knowledge of the local level to identify new assets. On the other hand, the teaching
experience on industrial heritage would contribute each academic year to promoting the
values of industrial heritage among a new group of students, who in turn could contribute
to the promotion of this typology among their contacts.

In this way, the collaborative cataloging experience described in this work is developed
as part of the teaching activities of the Environmental Project Management [71] course
taught by the authors at the UNED. It is a compulsory subject of 5 ECTS (European Credit
Transfer and Accumulation System) [72] taught in the fourth and last year of the Degree in
Environmental Sciences. The contents of this subject are aimed at acquiring management
skills for the works and resources involved in projects of environmental interest.

Students are offered a voluntary itinerary of three practical activities of continuous
evaluation that allow them to obtain 40% of the final grade. The first two activities are short
and have little weight in the final grade, and they try to put into practice some specific
techniques. They are identified as Continuous Evaluation Activities 1 and 2 (CEA-1 and
CEA-2). The third of them (CEA-3) involves the development of a complete practical case
and represents 30% of the final grade. In this activity, students have to develop a proposal
for the reuse of an industrial immovable asset for a new activity, applying the techniques
studied during the course.

These kinds of projects represent a context of maximum interest for project manage-
ment subjects, since they must define and execute a specific and tangible solution, which
requires simultaneously considering aspects of varied nature. These are, therefore, com-
plex problems, and even more when the definition of a solution is affected by the initial
conditions of a previous activity and when it is necessary to preserve and protect parts
considered valuable from a heritage point of view and adapt others to new needs. Thus,
the large number of conditions and starting limitations that exist in the type of projects that
students are asked to carry out in the third activity, represent very interesting situations in
a teaching context.

The Industrial Heritage assets are present throughout the territory and allow us to
know the productive activities that existed in the different regions and whose facilities are,
in many cases, in the greatest abandonment and condemned to disappearance. The impact
of industrial activity on the environment and the landscape can be observed through very
different types of productive facilities. Mines, salt flats, transport infrastructures such as
railways or canals, and facilities aimed at generating energy such as dams, are just a few
examples. The emergence of new population centers around new industries, as well as
the growth of existing cities around certain industries, is another clear consequence of
productive activity in the territory.
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Until the arrival of the steam engine, the dependence on natural resources as a source
of energy for production processes, led to the appearance of production facilities in envi-
ronments of special natural value. The elevated locations of the windmills to maximize
exposure to the winds, or the locations in the river channels and points of the coast in the
case of the hydraulic mills and the tide mills, exemplify these situations. These special
locations in natural environments have motivated that some actions to recover these assets
have been oriented towards their conversion into environmental interpretation centers.
On the other hand, industrial activity is accompanied, especially since the Industrial Rev-
olution, by a certain level of aggression to the environment. Aggression derived from
productive activity, but which often does not disappear or attempt to correct when the
activity ceases.

With all this, the reuse projects on this type of assets have an environmental component
in which the graduates in Environmental Sciences can and should contribute their vision,
so it is understood to be an interesting topic for the development of a practical activity in
the subject of Management of Environmental Projects.

Thus, students are asked to select an industrial asset from their immediate environ-
ment that they consider of interest. The selected assets can have building scale, for example
a factory, and they also can have a larger scale, allowing students to speak of industrial
landscapes. Salt flats, mining areas, large sets of industries related to each other, sets of
mills, both windmills and hydraulic mills, or the groups formed by some factories and the
workers’ houses are some examples of this larger scale.

After selecting the good chosen as a case study for the development of the activity, the
students must address the following points.

• Visiting the property physically: taking 10 photographs that they consider representa-
tive and that allow an initial characterization of its fundamental parts.

• Justify the choice of the property: identifying its interest and its main characteristics,
defining its current state and the main problems caused by its deterioration that have
been detected and that are to be corrected.

• Propose and justify the action proposal: motivation, needs, objectives, etc.
• If applicable, analyze the economic viability of the proposal, identifying possible costs

and incomes, and composing the corresponding cash flows.
• Define the action proposal initially, indicating at least:

◦ Schematic plans, not detailed, of the proposal (by computer or by hand).
◦ Identification of the necessary works, estimation of their durations and their

planning and scheduling. Determination of the total duration of the project.
◦ Estimation of the necessary resources and the costs of the project.

In short, the activity proposed to the students aims to make an initial approach to a
proposal for action, not to develop a detailed final solution. The activity wants to serve to
reflect on the different contents studied throughout the course and put them into practice
through a practical case that the students themselves will define and guide according to
their criteria, interests, etc.

Figure 1 shows the development of the proposed activity during the course (in the
upper half) and its subsequent continuity in the collaborative cataloging initiative in which
students can participate (represented in the lower part of the figure). The upper part of
the figure shows the main stages of the proposed activity, being able to distinguish three
situations in relation to the exchange of information between each student and the teaching
environment, formed by the rest of the students and the teachers, according to whether or
not there is feedback on the work done. An icon of a house identifies those stages based
on each student’s personal work. An icon with information inputs towards the university
identifies the stages that require each student to share their progress in the virtual course
of the subject in order to share them with the rest of the students and with the professors,
an answer not being necessary in most cases to continue with the activity. Finally, an icon
that represents both inputs and outputs of information shows the stages in which a debate
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is opened around the work carried out by the students and in which they will receive
feedback from both the rest of the students and the teachers.
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collaborative catalog.

As shown in Figure 1, students must complete all the programmed stages for the
activity to be understood as completed. Subsequently, those who have completed the
activity can choose to participate in the collaborative cataloging initiative. The idea of
creating a collaborative repository based on student work arose in the 2017–2018 academic
year, the first time that this activity on industrial heritage assets was proposed to students.
Since then, different ways of carrying out this initiative have been studied, being at the
end of the 2020–2021 academic year when it was decided to launch it with the idea of
continuing it during the next courses, growing year after year with the contributions of
the students. During the same course, a university blog was created to give visibility
to the activities carried out by the UNED Industrial Heritage Work Team [73] of which
the authors are members, and which is integrated into the Industrial Production and
Manufacturing Engineering Research Group (IPME) [74] of the Department of Construction
and Manufacturing Engineering at the Technical School of Industrial Engineering. With
this, an adequate channel was available to include and promote the collaborative catalog
that was to be created.

Thus, all students who completed the activity during the 2017–2018, 20108–2019,
2019–2020, and 2020–2021 academic years received at the end of the 2020–21 academic year
an email explaining the characteristics and objectives of the cataloging initiative and asking
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for their participation, which in any case was voluntary. The students who decided to
participate had to respond by providing written authorization to publicly share the narrated
video presentation of their reuse proposal, as well as indicate the GPS coordinates of the
selected asset and provide the presentation file. Both the use of tools for geolocation of
assets, such as Google Maps, and access to multimedia content, such as video presentations,
are resources used in significant initiatives to promote industrial heritage [75].

By having the GPS coordinates of the locations of the identified assets, it was con-
sidered that the most interesting way to disseminate the sample of assets selected by the
students was an online and interactive map [76]. For this, the Google My Maps application
was used [77]. As shown in Figure 2, the map created includes two types of elements.
On the one hand, using small circular markers, it shows the locations of all the goods
identified through the works carried out during the four courses considered. On the other
hand, those elements for which the authors of the works decided to share the video of their
narrated presentation are shown with larger location icons, in this case differentiating the
academic year by the color of the icon.
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For both types of elements, information is provided regarding their name and nature,
as well as their geographical location. In the case of the elements for which there is a
video of the reuse proposal made by the student, said recording, previously uploaded to
YouTube, can also be accessed.

As indicated in Figure 1, both some of the stages of the activity proposed to the
students and the collaborative catalog that includes their contributions are considered
valuable contributions for the promotion and enhancement of industrial heritage assets.
The UNED has a clear added value for an initiative like this compared to other universities,
since its students are not located in a specific region but are scattered throughout the
national territory. This characteristic makes it possible to identify a more heterogeneous
and varied sample of elements. A national approach to this typology makes it possible
to learn about production traditions typical of regions other than our own, as well as
avoiding excessive repetition in the elements selected by the students, something inevitable
in smaller territory contexts.

The coincidence or not of the goods identified with the goods included in the main
catalogs of industrial assets published in Spain [60,61] will make it possible to assess the
capacity or not of this type of initiative to bring to light new goods of interest. In this sense,
it is also interesting to analyze whether the assets identified by the students may or may
not be understood as assets with a certain heritage value. The authors consider essential
the incorporation of industrial heritage content into the teaching of technical education,
being in fact professors of the only university degree specifically oriented to industrial
heritage that is currently offered in Spain [78]. Nevertheless, it is understood that although
the students of the Environmental Project Management course have a very interesting
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profile to work on projects for the reuse of immovable industrial goods due to their impact
on the environment, they may lack certain prior knowledge that enables them to assess the
patrimonial interest of the goods of this type.

Finally, in addition to the interest that this initiative has from the point of view of the
dissemination, enhancement, and knowledge of industrial heritage assets, the collaborative
map created also represents a very valuable source of starting information for students
of the subject in the following courses, since it collects a significant number of examples
to illustrate both the type of assets that can be studied in the proposed activity and the
responses given by students from previous courses.

3. Results

This section analyzes the collaborative cataloging initiative carried out with the stu-
dents of the Environmental Project Management course. The direct results of the catalog
are studied in relation to the capacity of collaborative strategies for the identification of
new goods and their promotion among society. However, indicators of the impact of the
activity proposed to students in the teaching framework are also identified. In addition,
the possible extrapolation of the proposal described to other subjects in the Engineering
Projects area is briefly discussed.

3.1. Initial Considerations on the Development of the Activity Proposed to the Students

During the four academic years considered, the activity described was carried out
by a total of 157 students. Figure 3 shows the number of students enrolled in the subject
each course and the number of them who carried out the voluntary activity from which
the collaborative cataloging initiative described in this work derives. As can be seen,
participation follows an upward trend, reaching almost half of the enrolled students in
the last year. On the other hand, the global participation throughout the first four years in
which the activity has been proposed to the students rises to 28% (157 students of the total
of 561 enrolled carried out the activity).
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Figure 3. Student participation in the proposed activity (CEA-3).

It should be noted that not all the assets selected by the students in the framework of
the proposed activity in the Environmental Project Management course were considered
in the collaborative cataloging initiative. As shown in Figure 4, some of these assets
were discarded, so the total number of effective contributions to the collaborative catalog
decreases with respect to what was expected in view of the participation represented in
Figure 3. Except in the case of the first academic year, in the rest of the courses there is
a trend of around 20% in relation to works that were not considered in the cataloging
initiative. The fundamental reason for exclusion corresponds to cases in which the students
chose assets without an industrial origin, but that were accepted as case studies because
they were interesting from the point of view of environmental projects and, therefore, for
the subject. Within these cases, old military installations were the most common typology.
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Figure 4. Reuse projects discarded in the cataloging initiative due to the non-industrial nature of the assets.

These 28 discarded works reduce the number of reuse projects developed by the
students considered in this cataloging initiative to 130. However, in terms of cataloging,
duplications in the selection of assets as case studies must be accounted for as a single
element. In this sense, only three goods were selected by more than one student, and in all
cases the elements were repeated only once. This is the case of the Getares Whaling Factory,
in Algeciras, the Vinival Wineries, in Alicante, and the Factory of the Clesa company, in
Madrid. Thus, the total number of assets considered in this cataloging initiative rises to 127.

The selection of a real asset as a case study for the development of the proposed
activity, allows to identify a certain sample and geolocate its elements. This information is
already valuable in itself. However, as noted above, some students voluntarily participate
in the cataloging initiative by contributing the video presentation of their reuse projects.
These contents, although heterogeneous, provide greater knowledge of the goods through
the graphic information included in the video presentations and the comments made by
the students about the selected asset. Figure 5 graphically shows the proportion of students
who in each course have expressed their agreement to share the video presentation of
their project, incorporating it into the collaborative map. For this, the number of projects
indicated in Figure 4 are taken as a reference in each academic year. As can be seen, except
for the second year, the trend is around 20%.
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Figure 5. Percentage of assets with video presentations shared by students for their incorporation
into the collaborative catalog.

It is worth mentioning, three of the positive responses to the invitation sent to all
students to participate in this cataloging initiative were not included in the collaborative
map. The reason was the non-industrial nature of the goods selected as a case study.
This decision is important, as it makes clear the boundary between the teaching activity
carried out during the course and the cataloging initiative. For the activity, students are
proposed to work on industrial heritage assets, but even though the majority opt for assets
of this type, it is not a mandatory condition, as long as the case studies are interesting from
an environmental point of view. On the contrary, the cataloging initiative is specifically
oriented to this type of goods, so non-industrial goods cannot be included.

In this sense, this initiative does not seek to identify and catalog industrial assets in
general, but rather industrial heritage assets. Therefore, the selected goods must have
a certain cultural value since their industrial nature is not enough. Figure 6 shows the
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number of goods selected by students that can be understood as valuable from the point
of view of industrial heritage and the percentage they represent with respect to the total
projects considered each academic year. It is possible to observe a clear downward trend in
the last two years.
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Figure 6. Percentage of assets with heritage value.

If this analysis focuses on the goods for which the students shared the video presenta-
tion of their reuse project, the downward trend is noticeably accentuated during the last
year, as shown in Figure 7.
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Figure 7. Percentage of assets with video presentation shared and heritage value.

As previously mentioned, the students of the Environmental Project Management
course, taught in the Degree in Environmental Sciences, have a suitable profile to analyze
the special relationship of industrial goods with the natural environment and explore
sustainable new uses. However, on the other hand, their profile does not guarantee the
ability to assess the patrimonial interest of this type of assets. The trends observed in
Figures 6 and 7 are an example of this. Although projects for the reuse of industrial heritage
immovable assets are considered a very interesting practical context for the objectives
of the Environmental Project Management course, the specific contents of this heritage
typology are not covered by the curriculum of this subject. In this way, bibliographic
references are provided to students to offer them a first approach to the characteristics of
the typology [27,28,35,64]. However, in view of the observable trends in Figures 6 and 7, it
seems clear that these resources are not achieving that goal. In this sense, in the conclusions
section, corrective actions will be pointed out for the next course.

This situation has two independent interpretations. One in the teaching context of the
Environmental Project Management subject and another in the context of the collaborative
cataloging initiative that derives from the practical activity proposed to the students. The
teaching objectives of the subject and the cataloging initiative are related through the
practical activity proposed to the students based on the reuse of industrial heritage assets.
However, despite this relationship, they are independent and asynchronous realities, and
the role of industrial heritage in each case is very different. Figure 8 tries to graphically
show the different importance that the link of the selected assets with the industrial heritage
has in the teaching context of the subject and in the context of the cataloging initiative.
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a subject of study.

In this way, as shown in Figure 8, students working on assets of another type, such as
old military installations, fortresses, or religious complexes, do not represent a problem
within the framework of the subject and the selected assets can be case studies of great
interest for the teaching objectives. However, in relation to the cataloging of industrial
heritage assets, these works will not contribute any new element. Furthermore, when the
selected asset is of an industrial type, but it does not have patrimonial value, it will be
equally impossible to include it in the catalog because it does not conform to the nature of
the sample. However, in addition, in this case the lack of heritage value also affects the
educational context, whether they are industrial assets or not. This is due to the greater
difficulty of acting on assets with valuable parts that must be protected and the interest
of these situations in the context of a project management subject. On the other hand, the
environmental interest of the selected asset according to the environment in which it is
located and its relationship with it is critical for the objectives of the subject and is a key
aspect to monitor from the teaching point of view. However, it is not relevant in terms
of the cataloging initiative, which is focused on other characteristics. Finally, that two
students develop their project on the same good is not a problem in the teaching field, and
it may even be interesting to compare alternatives. On the contrary, in terms of cataloging
the same item cannot count twice.

Due to all this, the number of assets on which the students relied to develop their
projects for the proposed practical activity is significantly higher in the teaching context
(157) than the number of assets that have been considered in the cataloging initiative (106).

3.2. About the Sample of Identified Assets

Figure 9 identifies the assets included in the collaborative catalog that were already
identified in some of the main cataloging initiatives of Spanish industrial heritage available
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to students. On the one hand, the initial catalog of the National Plan for Industrial Her-
itage [60] and the Minimum Catalog of the International Committee for the Conservation
of Industrial Heritage [61], as the most representative examples of the cataloging of this
typology in Spain. On the other hand, the catalog collected in the complementary bibliog-
raphy proposed to the students of the subject [64], the main resource of consultation for
the development of the activity. Figure 9 also shows the elements included simultaneously
in more than one of these catalogs.
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Thus, with respect to the 106 assets currently included in the collaborative catalog,
the possible influence of these previous references on the selection of assets by students is
low in the case of the National Plan and TICCIH Catalogs (5.6% and 4.7%, respectively).
Moreover, in the case of the recommended bibliography this possible influence is moderate,
with 26.4% of the goods included in the collaborative catalog also included in the cataloging
of the recommended bibliography. This percentage also coincides with the total of assets
previously included in any of the cataloging initiatives indicated, as shown in the first
graph of Figure 10.
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Figure 10. Influence relationships between the collaborative catalog and the previous catalogs considered.

However, it is interesting to carry out an initial analysis in the opposite direction,
that is, to what extent the set of goods identified in the collaborative catalog would have
the capacity to expand the samples of the previous catalogs considered. The PNPI Initial
Catalog identified 49 assets, expandable to 58 considering the actions carried out between
2002 and 2010, referred to in the 2011 Plan report. The TICCIH Minimum Catalog includes
100 assets, and the catalog included in the basic bibliography includes 1354 elements. The
right part of Figure 10 shows the possible impact of the sample made up of the students’
work and shown in the collaborative catalog if these goods were included in the previous
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catalogs considered. This growth referred to the National Plan and TICCIH catalogs is
very high, but mainly because they are not very large samples. The number of industrial
heritage assets is high and it is a typology that will continue growing in the future, so the
authors understand that the cataloging initiatives of this typology must be very broad in
terms of the number of assets considered. It is from this point of view that collaborative
cataloging strategies make sense. For this reason, the capacity of this kind of approaches
to increase the number of identified assets must be evaluated in relation to samples that
are already large, such as that included in the complementary bibliography proposed to
students for this activity [64]. As shown in Figure 10, in this case, the growth derived from
the incorporation of new goods from the collaborative catalog would be 5.8%, which is
valued positively taking into account the size of the starting sample.

Figure 11 shows the territorial distribution of the goods included in the collaborative
catalog. The first map shows the distribution of goods in each of the Autonomous Com-
munities. In all of them, the cataloging initiative allowed the identification of some asset.
The second map is oriented to the distribution in the provinces. Although in this case it is
possible to identify some territories for which no asset was identified, in general a good
distribution of assets can be observed throughout the entire national territory.
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This is a key aspect if the study of typology is wanted to be approached at the
national level. Furthermore, only a university like the UNED, with a structure of 60
Territorial Associated Centers distributed throughout the country and with students in all
territories, is capable of addressing a collaborative experience with students with such a
broad territorial scope.

3.3. About the Impact of the Initiative on the Teaching of the Subject

From an approach focused on teaching, a first aspect of interest in the context of the
Environmental Project Management subject is to confirm the environmental interest of
the case studies selected by the students for the development of the proposed activity. As
previously stated, the choice of industrial heritage as a field of study in this activity is due
to the special relationship that many of the assets of this type have with the environment
and the additional interest to act on assets with patrimonial heritage values to be protected.
However, the choice of Industrial Heritage as typology for this practical activity should
not penalize the presence of aspects of environmental interest but rather complete them,
since these are the most interesting for the subject.

Figure 12 allows us to make some observations about the interest of the selected assets
from the environmental and industrial heritage point of view, both independently and
jointly. It can be seen that 87 of the 130 goods considered in this study had a certain degree
of environmental interest, which represents 66.9%, while 98 goods had a certain degree of
industrial heritage value, which represents a percentage higher, 75.4%. This shows greater
attention to the specific selection criteria of the activity, relative to the proposed typology
of assets, than to the environmental approach of the subject and the degree. This aspect
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will try to be corrected in the next academic years by including new guidelines for carrying
out the activity in this regard.
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On the other hand, it is possible to identify a set of 73 goods that represent interesting
case studies for the proposed practical activity both from the environmental point of view
and from the point of view of industrial heritage. These goods are the only ones that
really satisfy the characteristics that the goods selected by the students for the activity
should have, and, therefore, they are the ones of greatest interest for the students of the
next academic years. This group represents a higher percentage within the assets that at
least present environmental interest than within the assets that at least present interest
as industrial heritage examples. On the other hand, the percentage that this set of assets
represents with respect to the 130 considered in the study, 53%, is low, and again it is an
aspect that must be corrected for future years by introducing guidelines that help students
to properly identify the characteristics requested in the selected case studies. In this sense,
it is worth noting some extreme situations, since 19 assets have neither patrimonial interest
nor environmental interest, so they represent examples of poor choices of the case study by
the students.

Figure 3 showed the number of students corresponding to each academic year and
the number of students who carried out the practical activity analyzed in this work. The
data available in the virtual courses of each academic year have been analyzed to estimate
the impact of this activity on projects for the reuse of industrial heritage in the teaching of
the subject. As shown in Figure 1, within the UNED distance education model, activity in
the forums is essential. Moreover, in the case of the practical activity analyzed, it is in the
forums where the students had to make publications about their reuse project and where
the discussion around the proposals is established with the teachers and with the rest of
the students. In this way, a first analysis is oriented to the effect of this experience as a
catalyst for participation in the forums.

The virtual courses of the subjects taught at UNED usually have at least three types of
forums. A forum for communication between students, in which teachers do not participate.
A forum for general questions to teachers, both related to the contents and aspects of the
operation or logistics of the course, and tutoring group forums, where students can interact
with their tutor. The tutor is not the professor of the subject but has a professional profile
close to the subject and can help students to address many of its contents, especially in
contexts of practical application, as is the case of the activity analyzed in this work.

The Environmental Project Management course, in which the initiative analyzed in
this work is contextualized, had in its virtual course all these forums in the 2017–2018
academic year when the practical activity on reuse of industrial assets was proposed for
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the first time. Later, in the 2019–2020 academic year, it was decided to create a specific
forum for this activity. Thus, all the orientations and consultations on the activity were
concentrated in a single forum. However, in addition, the students were asked to publicly
share their work with the rest of the students by creating a specific thread about their work
in said forum. In this thread, the rest of the students and the professors could raise doubts,
suggestions, and opinions with the author of the work, initiating a discussion about the
reuse projects presented by the students and contributing to their collaborative learning.

Table 1 collects the main data related to the activity in these forums during the
four courses in which the practical activity has been developed. For each forum and
academic course the following information is indicated. The total number of posts in
the forum distinguishing between those published by students and those published by
professors, and the posts directly related to the practical activity on industrial heritage
(CEA-3) indicating the percentage they represent from the total and distinguishing between
posts and conversations on a topic.

Table 1. Activity in the subject forums and impact of the practical activity analyzed (CEA-3).

Academic
Year

General Consultation Forum About CEA-3

Total Posts Students Teachers Posts Conversations % Total Posts

2017–2018 220 153 67 40 6 18.2%

2018–2019 228 148 80 42 9 18.4%

2019–2020 130 89 41 2 1 1.5%

2020–2021 156 102 54 26 1 16.7%

Tutoring Groups Forums About CEA-3

Total Posts Students Teachers Posts Conversations % Total Posts

2017–2018 57 25 32 14 6 24.6%

2018–2019 38 21 17 13 4 34.2%

2019–2020 32 12 20 7 3 21.9%

2020–2021 31 14 17 7 4 22.6%

Specific Forum for Activity CEA-3 About CEA-3

Total Posts Students Teachers Posts Conversations % Total Posts

2017–2018 - - - - - -

2018–2019 - - - - - -

2019–2020 165 136 29 165 30 100.0%

2020–2021 332 329 3 332 81 100.0%

From the information collected in Table 1, different figures are shown to facilitate the
interpretation of these data. Figure 13 shows the messages published during each of the four
academic years in which the practical activity on industrial heritage has been developed,
distinguishing the publications in three different forums, and also if the messages respond
to students or teachers and if they are related with the proposed practical activity. A certain
decrease in activity can be observed in the forums of general consultations and tutoring
groups, although this phenomenon is accompanied by the activation of a new forum in the
last two courses specifically oriented to the practical activity proposed.
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Figure 13. Distribution of the publications made in the forums of the virtual course according to the
forum in which they are published, the type of author and the relationship with the CEA-3.

As can be seen in Figure 13, the activity in the forum created specifically to channel
the interaction around CEA-3 generates a significant number of publications capable of
more than offsetting the downward trend observed in the other forums. In fact, as can be
seen in Figure 14, only the 332 messages published in this forum during the 2020–2021
academic year exceeded those published in all the virtual course forums in the 2016–2017
and 2018–2019 academic years, when still this specific forum had not been created. Thanks
to this, it can be observed that in the 2020–2021 academic year, the number of global
messages in the virtual course practically doubled the values of the first two courses. The
second graph in Figure 14 shows how in the two courses in which this specific CEA-3
forum has been active it exceeded 50% of the messages published in the virtual course
forums, reaching in the last year 64%.
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Figure 14. Distribution of the publications made in the forums of the virtual course of the subject
according to the forum in which they are published.

These data reinforce the decision to create this specific forum and confirm its positive
effect in terms of student participation and interaction with both teachers and other stu-
dents. On the other hand, the impact of the activity CEA-3 is greater when considering all
the forums. As previously mentioned, Table 1 includes the identification of the number
of publications related to this activity for each forum and during each academic year.
Obviously, in the specific forum of the CEA-3, all the publications are related to the activity.
However, the rest of the forums also identify messages about this activity. Figure 15 shows
in grey the total messages published each course, considering jointly all the forums, and
in orange those related to the activity on reuse of industrial heritage (CEA-3). Both data
show a strong upward trend, and the influence of CEA-3 on participation in forums is clear,
with publications about it reaching 70.3% of the messages published in forums during the
2020–2021 academic year.
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Figure 15. Evolution of total publications in the virtual course forums by academic year and evolution
of publications related to CEA-3.

4. Discussion

This work analyzes the results derived from an initiative for the cataloging of industrial
heritage assets that derives from a teaching activity on their reuse, which is also analyzed.
In both contexts, the authors value the results obtained positively.

On the one hand, the number of assets identified through this collaborative cataloging
experience is considered relevant, and most of the identified assets were not included
in the previous catalogs made available to students as basic references [60,61,64], so that
the ability of students to identify new assets in the territories in which they live can be
appreciated. Thus, this strategy of collaborative cataloging throughout the territory is
considered interesting and especially useful in a typology such as industrial heritage,
whose assets sometimes derive from productive activities that ceased a long time ago and
which, due to various factors, may be little known outside the local level.

In this sense, the characteristics and geographical distribution of the UNED students
and the territorial presence of this university through its structure of Territorial Associated
Centers, are considered key aspects to the success of this cataloging initiative. Characteris-
tics that in fact are giving an important role to the UNED in the strategies of reactivation
and development at the local level and in the fight against the depopulation of rural areas.
The dissemination of heritage contributes to its enhancement and protection, and all this
provides new resources to the territories in which these assets are located, for example
through the promotion of industrial tourism [12,13]. Therefore, from this point of view, col-
laborative cataloging initiatives such as the one described can make their small contribution
to the development of different territories.

On the other hand, at the teaching level, the practical activity around industrial
heritage proposed to students has had a positive impact on their participation in the
subject, and on the motivation of the students, allowing a context in which it is possible
to build knowledge together [47]. Communication between the students themselves
and with the teachers about the proposed activity is considered very beneficial from the
educational point of view [49,50]. The discussion generated around the projects developed
by the students is considered especially interesting. This collaborative learning experience
has been successful for both students and teachers and has allowed great interaction,
something that is not always easy in distance education contexts. Thus, it has been possible
to apply strategies aligned with the approaches defined by the EHEA for teaching project
subjects [51,53], and also contribute to the Sustainable Development Goals of the European
Union [59], specifically in relation to Goal 4 (Quality Education) and Goal 11 (Sustainable
Cities and Societies).

In addition, thanks to this approach, the participation of students in the activity based
on industrial heritage assets, supposes their contact with this typology. However, not only
through the case study selected by each student, but also through the assets studied by
the rest of the students, which provides varied examples and allows a greater knowledge
of the typology. The subsequent integration of the identified assets in the collaborative
catalog, and in some cases also the integration of the video presentations of the projects
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carried out by the students, offers a greater diffusion to the identified assets. In addition,
collaborative initiatives have another advantage, since all collaborators will also contribute
to the dissemination of collective results, in this case, sharing and promoting the online
collaborative catalog. Since the open publication of the collaborative catalog on the UNED
Industrial Heritage Team Blog [73] on 2 July 2021, the map that collects the identified assets
has received more than 2600 visits [76].

At the same time, the projects shared in the online collaborative catalog by some
students show examples of reuse initiatives that can serve as a stimulus for external
users of the catalog in order to understand the role that these assets can play in the
sustainable development of the territory [8,9] and also to assume active roles in proposing
new uses beneficial for citizens [24,25] and in monitoring [25] and disseminating these
kinds of assets.

With all this, the collaborative experiences described, both the teaching and the
cataloging, are considered interesting and positive and will remain in the future courses.
However, the study carried out has made it possible to identify some deficiencies on which
to act. Specifically, complementary guidelines should be included to reduce the number of
assets selected by students that lack environmental interest, heritage interest, or both.

Finally, the authors consider this initiative easily exportable to other subjects in the
Engineering Projects area of knowledge in which they teach and in which the contents of
industrial heritage can be attractive. This would mean a greater participation of students in
the initiative, or it could also allow the launching of other collaborative initiatives oriented
to other typologies and themes. In this way, and given the positive results obtained in
this experience, it is considered interesting to continue this line of research in teaching
innovation through collaborative strategies and to continue exploring the opportunities
that these approaches can offer in the promotion of industrial heritage.
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47. Lenkauskaitė, J.; Colomer, J.; Bubnys, R. Students’ Social Construction of Knowledge through Cooperative Learning. Sustainability
2020, 12, 9606. [CrossRef]

48. UNESCO Education for Sustainable Development. Available online: https://en.unesco.org/themes/education-sustainable-
development (accessed on 25 August 2021).
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