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Abstract

The significant imbalances between human settlements and their surrounding environments, stemming from sec-
tor-specific policies and urban regional planning tools, constitute a primary factor in the resilience and respon-
siveness of territories in crisis scenarios. Within this context, the promotion of territorial heritage values emerges

as a crucial means for the reactivation of vulnerable areas. Furthermore, the utilisation of technological resources,
such as Geographic Information Systems (GIS), has proven to be highly effective in managing cultural landscape
areas. This contribution aims to enhance the valorisation of territorial heritage through the geolocation of a system
of architectural and archaeological assets of public interest, and by enabling the flexible design of cultural itineraries
within the framework of slow tourism. For this purpose, a replicable methodology for the construction of a Web-

GIS application has been proposed. This methodology has been put into practice in the territorial area of the lower
Guadalquivir River in Spain, which encompasses 73 municipalities and one UNESCO World Heritage Site, all intercon-
nected by rural areas. A four-stage plan has been followed for the construction of the VIDA-HTL web application:

(1) conceptualisation; (2) development; (3) technical verification; and (4) social viability. The fundamental approach
of the web application is based on the comprehensive integration of subsystems related to cultural heritage on one
hand, and to tourist and environmental services on the other. Two main functions for the exploration of cultural assets
and designing cultural routes have been designed, which complement other capabilities implemented in the web
application. As a result of a detailed standardisation process, 981 cultural assets and 43 supplementary data layers
have been georeferenced and included in the web application, with customised itineraries available for planning
within the study area. Additionally, 49 thematic cultural itineraries are proposed. Finally, the web application is com-
plemented with the development of a collaborative hub, which encourages its use and enhances its capabilities. It

is concluded that digital tools, such as that proposed, foster knowledge and valorisation of territorial cultural heritage,
while contributing to greater local development. In this way, they function as a counterbalance to the development
of metropolises and the global economy, thereby improving levels of regional resilience.

Keywords Digitisation, Heritage systems, Slow tourism, 2D-3D geospatial modelling, Interactive route design,
Cultural itineraries

*Correspondence:

Emilio J. Mascort-Albea

emascort@us.es

Full list of author information is available at the end of the article

. ©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
@ Sprlnger O pe n permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the

— original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http//creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40494-024-01173-w&domain=pdf

Hidalgo-Sanchez et al. Heritage Science (2024) 12:56

Introduction

This section introduces the problems related to the
valorisation of territorial heritage and the role of new
technologies therein. The state of the art is analysed
through a systematic review of the scientific litera-
ture on geospatial tools that focus on territorial reac-
tivation. The case study of the territory of the lower
Guadalquivir (Seville, Spain) is then analysed, while
focusing on the threats and opportunities for the imple-
mentation of a web application such as that proposed.
Subsequently, a summary is provided of the fundamen-
tal research on which the conceptual formulation and
product design project is based.

Geospatial technologies for the reactivation of territorial
heritage

The potential of culture economics to foster local devel-
opment in the most socially, economically and culturally
vulnerable territories has been widely analysed by the
scientific community and is at the basis of this approach
[1]. The irruption and generalisation of ICTs inaugurated
a line of research focused on evaluating and exploiting
the potential of ICTs applied to heritage sciences. In the
early twenty-first century, a significant body of research
was published on the 3D digitisation of cultural heritage
and the application of Geographic Information Systems
(GIS) in heritage sciences [2—4]. A substantial number of
titles focused on the specific application of GIS in archae-
ology [5, 6]. In relation to GIS, its capability to work with
different sources and formats provides a flexible frame-
work for the representation and analysis of complex
changing realities. This enables a better understanding of
their essential heritage values, which is useful for policy-
makers, urban planners and tourism stakeholders [7]. In
recent years, the exponential growth of case studies and
compilations on the application of geomatics to the con-
servation, management and exploitation of cultural her-
itage demonstrate the growing interest of the scientific
community and the pertinence of a study such as the one
proposed here [8—12].

Nevertheless, the use of GIS for the assessment of cul-
tural landscape values in the territory has yet to be fully
explored [13]. Not only do the spatial analysis capabili-
ties of GIS enable the precise identification of regions of
interest based on a wide range of constraints [14, 15], but
they also enable the historical evolution of the territory
to be studied through the detection of spatial and tem-
poral patterns [16-18]. Invisible networks are thereby
revealed that provide alternative readings regarding the
articulation of the territory [19]. Beyond identification
and documentation, the use of GIS also provides tools to
assess factors that put the detected heritage values at risk
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[20, 21], and even integrate citizen participation into the
policy management processes of the territory [22, 23].

In this context, the design of cultural itineraries
emerges as an effective strategy for the reactivation of
cultural landscapes that are closely linked to the con-
cepts of sustainable and slow tourism [24, 25]. Vari-
ous approaches are possible for the implementation of
GIS-based methodologies for this purpose. In general,
heritage itineraries are planned in relation to existing
historical infrastructures, such as roadways, railways,
and ancient paths [26, 27]. In this regard, a special men-
tion should be made regarding the proposals for adapting
abandoned railways into greenways in Italy [28, 29], and
the definition of a ‘Spatial Quality Index of Slow Routes
(SQISR)’ for the evaluation of slow-tourism itineraries
through GIS spatial analysis [30]. In other cases, cultural
routes are proposed in order to connect different regions
of interest without necessarily having a previous accessi-
ble infrastructure. The literature review shows a particu-
lar interest in this domain for implementation in areas
with a relevant geological heritage [31-34]. Similarly,
for the various cases mentioned, GIS tools have been
employed to evaluate parameters that facilitate decision-
making regarding their suitability and feasibility. To
this end, the implementation of Multi-Criteria Analysis
(MCA) and Analytic Hierarchy Process (AHP) combined
with GIS spatial analysis is common [35-38].

In terms of cultural landscape conservation, the dis-
semination of these itineraries is essential. The use of
web-based platforms therefore constitutes a highly useful
resource for accessing information in an open and plat-
form-independent way. In particular, WebGIS platforms
enable easy management of geographic data by means of
appropriate user interfaces. This information may come
from various sources, but fundamentally WebGIS plat-
forms provide a way of creating access to the informa-
tion contained in institutional repositories [39], while
also allowing potential users to add their own informa-
tion [40]. Moreover, it is possible to apply various tools
to customise the cultural itineraries defined [41], and to
create 3D views for the spatial understanding of the land-
scape [42, 43]. Lastly, the integration of these WebGIS
platforms with technologies such as VR provides a new
dimension of knowledge regarding cultural landscapes
through immersive experiences [44]. It can be concluded
that proposals with a dual approach, such as those for
research and dissemination, are of particular interest
[45]. In this respect, constant technological evolution
allows the exploration of proposals with a comprehen-
sive approach, where the conservation of the territorial
heritage is linked to its reactivation through sustainable
tourism supported by innovative spatial tools such as the
VIDA-HTL web application.
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Case study and background

The geographical scope of the research and the VIDA-
HTL web application covers the territory of the Gua-
dalquivir Valley between Palma del Rio and Sanlicar de
Barrameda (Fig. 1). This includes a wide swathe of the
province of Seville around its capital, where there are
multiple landscape areas with different potentials and
features. The Guadalquivir River structures this territory,
which consists of 73 municipalities, with an area of 8927
km?, and one UNESCO World Heritage Site (WHS).

This geographical scope is an extension of the scope
of the Smart Architectural and Archaeological Herit-
age (SMARCH) national project. The SMARCH project,
funded by the Spanish Ministry of Economy and Com-
petitiveness, is at the basis of this conceptual formulation
and product design project. It was aimed to advance in
the definition of innovative strategies for the integrated
management of heritage, landscape, and tourism. As a
result of multiple investigations [19, 46—49], it was con-
cluded that one of the most suitable strategies for the
promotion of the integrated management of heritage,
landscape, and tourism includes the design of cultural
itineraries [50]. The geographical scope of this previous
research was limited to the metropolitan area of Seville
and nearby rural areas where, despite the existence of a
large number of architectural and archaeological assets
of public interest, the cultural landscape is increasingly
less recognisable, and tourism remains concentrated in
the capital.

The extension of the geographical scope responds to
the need for diversification required by the proposed web
application. The scope of the VIDA-HTL project encom-
passes rural territories beyond the limits of the metropol-
itan area of Seville, to which the SMARCH project was
mainly circumscribed. On the one hand, the extension
makes it possible to broaden the sample of assets of pub-
lic interest that are subject to search, making the product
more viable. On the other hand, it allows the research to
focus on the resolution of other regional problems such
as the depopulation of rural areas or the strong polarisa-
tion of the settlement system. The map produced by the
team, using GIS-based software, depicts all the above
aspects. The dashed line represents the work area outline
of the SMARCH project. The black solid line represents
the work area outline of the VIDA-HTL project, which
comprises the 73 municipalities detailed below. In this
way, the increased geographical scope is highlighted. Pri-
ority is given to the representation of the Guadalquivir
River, in yellow solid line, which makes it easier to recog-
nise its vertebral character in the study area.

The VIDA-HTL study area stands out for the wealth of
its heritage, both in quantitative and qualitative terms,
which belies the intensity of the relationships between
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the different municipalities in the territory [51]. Since the
mid-twentieth century, as part of a generalised globalisa-
tion process [52, 53], this territory has suffered a process
of degradation of its territorial heritage [54], which has in
turn affected the different landscape areas. Consequently,
this destruction and undermining of its heritage have
unbalanced this area and put its future sustainability at
serious risk [55, 56]. In order to reactivate a process of
territorial regeneration and to reduce future risks, new
actions should focus on cultural and natural heritage sys-
tems [57].

In this context, the Andalusian Historical Heritage
Institute (IAPH in Spanish)! has carried out various ini-
tiatives for the valuation of the Territorial Heritage of the
area [58, 59]: the I and the II General Plan for Cultural
Heritage (1989, 1995), the digitisation of the historical
cartography of Andalusia (1996), the Historical Heritage
Information System (2000), the Cultural Landscape Lab-
oratory (2008), and the guides of the Cultural Heritage of
Andalusia (2012, 2019).

Data presented in the Andalusian tourism year-end
report [60] shows that approximately 32.52 million tour-
ists visited Andalusia in 2019, of which about 19.9 million
were Spanish and 12.62 million were foreigners. These
are the latest figures recorded before the pandemic, for
which data for 2020 and 2021 is disregarded due to the
substantial impact incurred by the imposition of travel
restrictions. These figures suggest a considerable num-
ber of potential users for the VIDA-HTL app and support
its suitability and social acceptability as a product. The
VIDA-HTL app seeks to reactivate the territory through
a double strategy of valorisation and use of the natural,
architectural, and archaeological heritage.

Aim and methodology of the research

This article proposes a replicable methodology for the
construction of web applications for the digital reactiva-
tion of the vulnerable territories. The main objective is to
contribute to the valorisation of the territorial heritage
through the geolocation of a system of architectural and
archaeological assets of public interest, thereby providing
the flexible design of cultural itineraries. The methodol-
ogy has been applied to the case study of the territory of
the lower Guadalquivir, which is the geographical scope
of the VIDA-HTL web application.

! The Andalusian Historical Heritage Institute (IAPH) was created in 1989
as an institution under the Ministry of Culture of the Regional Government
of Andalusia. The main responsibilities of the Institute include: to produce
knowledge on cultural heritage; to strengthen the capacity to create value;
to make this knowledge circulate and to manage it, with a view to both pro-
moting its own capacities and supporting other producers of knowledge in
the field, regardless of whether they be public, private, or civil society organ-
isations.
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01. Albaida del Aljarafe 16. Carmona 31. Espartinas 46. Lora del Rio 61. Sanliicar la Mayor
02. Alcald de Guadaira 17. Carrién de los Céspedes 32. Fuentes de Andalucia 47. Los Molares 62. Santiponce
03. Alcald del Rio 18. Castilblanco de los Arroyos 33. Gelves 48. Los Palacios y Villafranca 63. Tocina
04. Alcolea del Rio 19. Castilleja de Guzméan 34. Gerena 49. Mairena del Alcor 64. Tomares
05. Almensilla 20. Castilleja de la Cuesta 35. Gines 50. Mairena del Aljarafe 65. Trebujena
06. Almonte 21. Castilleja del Campo 36. Guillena 51. Manzanilla 66. Umbrete
07. Aznalcazar 22. Chipiona 37. Hinojos 52. Olivares 67. Utrera
08. Aznalcollar 23. Chucena 38. Huévar del Aljarafe 53. Palma del Rio 68. Valencina de la Concepcion
09. Benacazén 24. Coria del Rio 39. Isla Mayor 54. Palomares del Rio 69. Villalba del Alcor
10. Bollullos de la Mitacién 25. Dos Hermanas 40. La Algaba 55. Paterna del Campo 70. Villamanrique de la Condesa
11. Bormujos 26. El Cuervo de Sevilla 41. La Campana 56. PeRaflor 71. Villanueva del Ariscal
12. Brenes 27. El Garrobo 42. La Puebla del Rio 57. Pilas 72. Villanueva del Rio y Minas
13. Burguillos 28. El Palmar de Troya 43. La Rinconada 58. Salteras 73. Villaverde del Rio
14. Camas 29. El Viso del Alcor 44. Las Cabezas de San Juan San Juan de Aznalfarache
15. Cantillana 30. Escacena del Campo 45. Lebrija 60. Sanliicar de Barrameda

Fig. 1 Geographical scope of VIDA-HTL
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STAGES
1 CONCEPTUALISATION > 1-2
2 DEVELOPMENT > 3
TECHNICAL
3 VERIFICATION K 4
4 SOCIAL VIABILITY > S,

Fig. 2 Relationship between plan stages and TRLs

A four-stage plan was followed for the construction
of the web application (Fig. 2). The stages determine a
linear development process and are consistent with the
Technology Readiness Levels (TRL) employed by the EU
as the official innovation policy tool [61]. The first stage
focuses on the conceptualisation of the web application
(TRL 1 and TRL 2). The second stage consists of its com-
puter development (TRL 3). The third stage focuses on
technical verification (TRL 4). Finally, the fourth stage
consists of verifying the social viability of the application
(TRL 5).

The following section focuses on Stages 1 and 2, and
describes the actions proposed for the construction of
the web application: task flow and mock-up design, data
gathering, database systematisation, and computer devel-
opment. The third section focuses on Stages 3 and 4,
whereby the development is analysed as achieved by both
the fundamental research and the conceptualisation and
product design project. To this end, the web application
is evaluated in a specific area of the lower Guadalquivir.
As a result of this critical review, conclusions, possible
improvements, and future lines of research have been
presented.

VIDA-HTL app: design of contents and structure
This section develops the methodological criteria that
concern the design and construction of the WebGIS
application.

Web app conceptualisation

The actions comprising this stage are the conceptu-
alisation and visual development of the VIDA-HTL web
application, and the analysis of existing applications
focused on improving the heritage knowledge of an area
and the designing of cultural routes.

Approach and scope of the web application
The VIDA-HTL web application is based on an integra-
tion of the subsystems from cultural heritage and tourist
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TRLs

Observation of basic principles — formulation of the
technology concept

Development of the proof of concept
Validation of the product in laboratory

Deployment of the product in a relevant environment

services. This is carried out by integrating data on acces-
sible architectural and archaeological heritage, environ-
mental information, and tourist resources. Functions
for the search for cultural assets and for the calculation
of heritage routes were designed to promote the heritage
values which are necessary for the digital reactivation of
the territory (Fig. 3).

Task flow and storyboard for conceptual design

In this step, the visual design of the working of the appli-
cation was developed through a task flow diagram and a
schematic storyboard. These were used as a guide for the
subsequent computer development of the WebGIS app.

The benefits of working based on task flow diagrams
have been stated by numerous authors [62-64]. A task
flow diagram represents the ordered sequence to per-
form a task by means of symbols. Its creation prior to
programming is recommended because it facilitates
decision-making regarding the process, the organisation
of teams and tasks, and the early identification of defi-
ciencies in the design. In the diagram below (Fig. 4), the
arrows display the order of the tasks leading to a particu-
lar action.

The conceptual design of the application focuses on
the implementation of the two main functions that were
considered necessary for an interactive use, namely the
heritage assets search engine and the cultural route cal-
culator. These two functions are complemented by sec-
ondary operators that grant the user flexibility in the use
of the application, by offering various alternatives accord-
ing to their interests and priorities. Furthermore, the cul-
tural heritage search and route calculation functions are
linked. The functions allow the user to move from one
function to another in an intuitive way. In this respect,
there is the option of saving the results from the searches,
both assets and routes, as favourites for their later use.

Decisions regarding the design of the interface are
based on the specific literature [65-67], and always seek
to enhance accessibility to the content by people with
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Fig. 3 Content and function schema for the digital activation of territories

different profiles. The application has been designed in
such a way that the VIDA-HTL interactive map, built on
the basis of a topographic base map, holds a prominent
position. The homepage of the web application consists
of this map and a menu sidebar. The map displays the
assets comprising the accessible cultural heritage dataset,
which are clustered and classified in terms of their topic:
archaeology, architecture, and infrastructures (Fig. 5).

Analysis of similar apps

In order to verify the degree of innovation of the pro-
posal, the functional capabilities of WebGIS applications
have been analysed with a similar approach. This com-
parative analysis has been conducted for a list of appli-
cations covering different geographical scopes: regional,
national, and international (Table 1).

The result of this comparison shows that there are
almost no precedents that combine the two main func-
tions around which the VIDA-HTL web application is
organised. Most of these web applications act only as
a repository of cultural assets and predefined routes.
Although a number of the precedents enable the con-
figuration of customised routes, they lack the advanced
spatial tools and additional information useful for route
planning that have been incorporated in the proposed
web application.

Web app development
The second stage consists of the computer develop-
ment of the web application. The actions comprising

Il B B B Newheritageinformation [l |l H H
Data on
accessible
architectural Accessible Cultural Valorisation
heritage cultural heritage of
heritage | pE— search heritage
Data on subsystem function assets
accessible
archaeological
heritage
Tourist services Cultural Put into use
Environmental and route of
data environmental calculation heritage
subsystem function assets
Services and /
tourism data
Data Subsystem Function Effect
integration integration integration Integration
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this development include the migration of the data pro-
duced in the framework of the SMARCH project to be
employed in the generation of the geodatabase, its revi-
sion and enlargement, the standardisation of the spatial
data to feed the web application, and the development
and implementation of the prototype.

Data acquisition and refinement

The subsystems of accessible cultural heritage and envi-
ronmental tourism services that comprise the application
are formed by the integration of data from various repos-
itories and complementary actions.

Data on the accessible cultural heritage in the study
area, with information on its location, mainly comes
from the inventory of heritage assets created by the IAPH
[72]. The data is open in the form of shapefile datasets
upon the submission of a reasoned request. The number
of initial records in this database is 831.

A revision of the elements that comprise this ini-
tial database has been conducted. Since the aim of the
application is to facilitate accessibility to the cultural
heritage in the study area, it was decided to eliminate
those assets that are not visible and are not susceptible
to being included in the cultural itineraries (e.g., hidden
archaeological records and recently demolished assets).
Duplicate assets have also been removed from the data-
base. To this end, a total of 73 of the 831 initial records
have been eliminated. On the other hand, the informa-
tion contained in the attribute table of the initial data-
base has been verified, and it has been necessary to
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Fig. 4 Task flow diagram of the VIDA-HTL app

modify data on 388 of 831 records. In addition, 225 new
heritage assets have been added manually to complete
the database that feeds the web application, thereby
resolving the absence of relevant records in the initial
database. For this purpose, individual studies in each of
the municipalities of the working area have been con-
ducted and documents of a variety of natures have been

—> Workflow direction

...... »Back to Main Menu

reviewed, such as archaeological maps, urban planning,
and specific catalogues and inventories. As a result of
this refinement process, the final number of assets reg-
istered in the database for the working area is 981.

The environmental and tourist services subsystem
mainly includes open data from public repositories of
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Fig. 5 Schematic mock-up of the VIDA-HTL web application

Interesting information about the route:
name (if it is a thematic route), length,
itinerary, etc.
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Table 1 Functional analysis of similar web applications
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References Name Scope Cultural heritage  Cultural route
search function calculator
function
[39] G.A.L. COLLINE JONICHE? Regional (Italy) X -
[40] VIAS PECUARIAS DE MEDINA DE RIOSECO [Link] Regional (Spain) X -
[41 KALAMATA ACTION MAP [Link] Regional (Greece)  x -
[42] CULTURAL AND NATURAL HERITAGE OF THE UNESCO SITE OF MATERA®  Regional (Italy) X -
[43] MOUNT LUSHAN CULTURAL LANDSCAPE HERITAGE SITE? Regional (China) X -
[45] CORREDOR N-340: EL EJE HISTORICO DEL LITORAL ANDALUZ [Link] Regional (Spain) X -
[68] C-GUIDE [Link] International X -
[69] CAMINO DEL HIERRO [Link] Regional (Spain) - -
[70] VENTANA DEL VISITANTE. ESPACIOS NATURALES DE ANDALUCIA [Link] Regional (Spain) X -
[71] DOCOMOMO IBERICO. GEOPACK [Link] National (Spain) X X
[72] GUIA DIGITAL DEL PATRIMONIO CULTURAL DE ANDALUCIA [Link] Regional (Spain) X -
[73] ARQUITECTURA CATALANA [Link] Regional (Spain) X -
[74] CAMINOS VIVOS [Link] Regional (Spain) X X
[75] WIKILOC [Link] International X -
[76] VIAS VERDES [Link] National (Spain) X -
[77] TOURER.IT [Link] Regional (Italy) X -
[78] HISTORICAL HIKING TRAILS OF THE HOLY SITE OF METEORA?® Regional (Greece)  x -

@ Web applications without an access link available

the Spatial Data of Reference of Andalusia (DERA),” the
National Centre for Geographic Information (CNIG),?
and the Spatial Data Infrastructure of the Province of
Seville (IDEASevilla).* Layers where the data is organ-
ised bring together information of interest on admin-
istrative boundaries, proposed routes, the network of
roads and livestock trails, the location of tourist facili-
ties, cultural services, service stations, etc. (Additional
file 1: Table S1).

Data standardisation

The construction of the spatial database that supports
the web application has required an elaborate process of
standardisation of its contents while taking into account
the thematic, terminological, and spatial components

2 The DERA repository is a website where digital files of a geographical
nature generated by the Andalusian Institute of Statistics and Cartography
(IECA) can be downloaded free of charge. Data is presented in thematic
blocks (relief, hydrography, transport and communications, administrative
divisions, etc.) which allow centralised access to information from very dif-
ferent sources with guaranteed updating, geometric coherence, and territo-
rial continuity.

3 The Download Centre (CdD) is a website of the Autonomous Body of the
CNIG from which digital files of a geographic nature generated by the Gen-
eral Directorate of the National Geographic Institute (IGN) can be down-
loaded free of charge.

* IDEASevilla makes the geographic information produced by the Provin-
cial Council of Seville available to citizens and companies through standard
services defined in accordance with the specifications of the Open Geospa-
tial Consortium (OGC).

of the data [79]. This section develops the standardisa-
tion criteria established for the case study. Likewise, the
spatial data in this contribution were created in accord-
ance with the European INSPIRE directive [80], to ensure
compatibility with future publication of information in
Spatial Data Infrastructures of regional (IDEAndalucia)
and national scope (IDEE).

Thematic and terminological standardisation The the-
matic standardisation is aimed at defining and catego-
rising the fields that make up the spatial database. The
gathered datasets contain mainly descriptive information
on the historical and heritage values and on the level of
protection of the cultural assets. This systematisation
addresses the objective of recording and protecting the
historical heritage, and hence it was necessary to modify
the table of attributes of the gathered datasets and adapt it
to facilitate the valorisation of the heritage. As a result, a
total of 18 information fields have been defined, organised
into 3 blocks (Table 2):

(A) Identification: data relating to the location of the
asset.

(B) Categorisation: information to identify the asset
from a heritage and historical perspective.

(C) Dynamisation: attributes regarding the state of con-
servation and accessibility.


https://rosa-gd.maps.arcgis.com/apps/StoryMapCrowdsource/index.html?appid=cae26013ccb440d5ba05f485ff5d0413
https://www.kalamata1821.com/
https://n-340.org/patrimonio/
https://c.guide/
https://www.caminodehierro.es/
https://www.juntadeandalucia.es/medioambiente/portal/web/ventanadelvisitante/buscador-de-espacios-naturales-y-equipamientos?categoryVal=
https://docomomoiberico.com/mapas/
https://guiadigital.iaph.es/inicio
https://www.arquitecturacatalana.cat/es
http://www.caminosvivos.com/
https://es.wikiloc.com/
https://www.viasverdes.com/itinerarios/principal.asp
https://www.tourer.it/mappa
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Table 2 Thematic and terminological standardisation of the spatial database

Block Field name (Alias) No. of terms Examples
(A) Identification ID_UNIQ (Id) 981 ‘VIDA_CT_SP_01"
ID_NAME (Name) 981 Fuente Archena; Oratorio de la Soledad; etc.
ID_MUNI (Municipality) 73 Albaida del Aljarafe; Alcald de Guadaira; etc.
ID_UTMX (Coord. X) 981 245643; 249535, 242435, 252965; 242297, etc.
ID_UTMY (Coord.Y) 981 4127748, 4127504; 4123716; 4135086 etc.
ID_GEOM (Spatial Geometry) 3 Point; line; polygon
(B) Characterisation CH_CRON (Time Period) 6 Prehistory; protohistory; Roman age; middle ages; modern age; contemporary
age
CH_CLAS (Basic classification) 3 Archaeological heritage; architectural heritage; infrastructure heritage
CH_TIPG (General typology) 11 Human settlement; mobility infrastructure; extractive infrastructure; hydraulic
infrastructure; agricultural and livestock heritage; civil heritage; defensive herit-
age; funerary heritage; industrial heritage; religious heritage; residential heritage
CH_TIPS (Specific typology) 97 Aqueduct; cistern; cellar; chapels; churches; etc.
CH_ACTV (Activity) 54 Commercial activity; legal activity; military activity; etc.
CH_PRST (BIC protection status) 2 Yes; no
(C) Dynamisation DI_COST (State of Conservation) 4 Good:; bad
DI_ACCS (Accessibility) 2 Yes; no; visual
DI_ACCT (Accessibility type) 4 Free access; concerted access
DI_CONT (Contact) 981 (+34) 959415370; (+34) 955833701
DI_LINK (Web Link) 981 https://www.turismo-olivares.es/museo-de-la-vera-cruz/
DI_IMAG (Image) 981 File path (JPG, TIFF, PNG format; 200 x 150pp)

It is considered that these attributes are sufficient
to illustrate the capacity of the registered assets to be
used in the dynamics of social and tourist reactivation.
Likewise, the design of these attributes responds to the
premise of optimising the implementation of the asset
search and route calculation functionalities of the web
app. In this way, the structure of the database allows fil-
ters to be established and spatial queries to be conducted
efficiently.

On the other hand, terminological standardisation
establishes a single criterion for the completion of the
database attributes. Two types of fields can therefore
be distinguished depending on whether their content is
categorised (e.g., typology or time period) or descriptive
(e.g., name or coordinates). In this regard, problems were
detected in relation to the categorisation of the informa-
tion in the initial dataset, which rendered the queries
from the web application more complex. The reason lies
in the terminology employed, which is derived from the
thesaurus of the Andalusian Historical Heritage [81].
This document, based initially in other international the-
saurus like The Art and Architecture Thesaurus (AAT)
from Getty Institute [82], contains an extensive range of
specific terminology for the complete definition of cul-
tural heritage, but no simplifications are assumed that
would be useful for spatial database management. The

main problems identified, and the proposed solution are
outlined below:

+ Excessive specificity. Records in which the detail
of their terminological definition is excessive for
the purpose of the web application. Terms defining
records of a similar nature have therefore been uni-
fied.

+ Duplicity of terms for the same concept. Same con-
cept denominated with different terminology, or
even with variances of singular and plural for the
same term.

+ Drafting error. Terms were found whose duplication
results in spelling errors or the appearance of spaces
at the end of the word, and are hence recognised
as different terms by the web application’s search
engine.

As a result of this process, a significant reduction in the
number of standardised terms included in the database
has been achieved, thereby facilitating the user’s interac-
tion with the contents hosted in the web application. The
synthesis conducted regarding two attributes stands out:
‘CH_TIPS (Specific typology), reduced from 203 to 97
terms; and ‘CH_ACTYV (Activity), from 144 to 54 terms.
Table 2 shows the number of different terms recorded in
each information field, as well as a sample of such terms.


https://www.turismo-olivares.es/museo-de-la-vera-cruz/
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Spatial standardisation Spatial standardisation ena-
bles the heritage assets to be contextualised in relation
to different geographical scales. Each of these scales
is defined as a Unit of Logical Analysis (ULA) and is
composed of a set of georeferenced information units
of different nature [79]. Four geographic scales were
established (ULA-0 to ULA-3), ranging from the entire
working area of the VIDA-HTL project to the delimita-
tion of the asset itself (Fig. 6). A correlation of belong-
ing is established between the different ULAs, which is
visible in the identification code of the spatial entities
that comprise them. The criteria for spatial standardisa-
tion are exemplified for the archaeological site of Italica.
Likewise, this asset and its surroundings have been used
for the functional and social assessment of the web
application, due to the importance of its heritage as a
candidate to becoming a UNESO World Heritage Site
since 2018.

« ULA-0. Working Area (VIDA_). This corresponds
to a single spatial entity that represents the entire
working area of the VIDA-HTL project. The crite-
ria for its delimitation are set out in the first section
of the paper.

o ULA-1. Cultural Landscape Area (VIDA_XX ).
The project area is subdivided into 17 zones based
on their landscape characterisation. This charac-
terisation comes from the demarcation made in
the Landscape Map of Andalusia [83], created in
2004 by the regional government and periodically
updated up to the present day. The landscape area
in which Itdlica is located is called ‘Campo Tejeda,
CT’ Its identification code is ‘VIDA_CT_.

+ ULA-2. Municipalities (VIDA_XX_YY_). A total
of 73 municipalities comprise the working area of
the project. Moreover, certain municipalities may
be included in different landscape areas. Itdlica
belongs to the municipality of ‘Santiponce, SP’ Its
identification code is ‘VIDA_CT_SP__

+ ULA-3. Cultural Heritage Asset (VIDA_XX_YY_
727). This scale corresponds to the asset and its
urban-territorial context. This ULA enables the
identification of other nearby heritage sites and
complementary tourist services. Likewise, ULA-3
enables a sufficiently detailed territorial approach to
define the surrounding geographical area by using
3D models of the terrain and buildings. The code
inherited from the previous ULAs is completed in
detail for each property. In the case of Itdlica, this is
‘VIDA_CT_SP_01.

The different ULAs are also applicable to the hier-
archisation of cultural itineraries. In this respect, they
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can be taken as a reference for planning routes of vari-
ous geographical scopes, thereby providing a range of
visions and approaches to the territory from the spa-
tial-temporal dimension.

Spatial database construction

The gathered and standardised spatial data (initially
in shapefile format) has been exported as feature
classes of a single local geodatabase created for the
VIDA-HTL project. These feature classes have been
grouped within the geodatabase into three specific
feature datasets according to their nature (Table 3).
The first includes the feature class of the 981 architec-
tural and archaeological heritage records inventoried
in the working area. The second groups the feature
classes of each of the information layers of the envi-
ronmental and tourist services subsystem (Additional
file 1: Table S1). The third dataset includes the feature
classes employed as a reference for the spatial organi-
sation in ULAs of the database. Furthermore, a raster
dataset is included in the geodatabase corresponding
to the topographical base map used. This raster file is
the result of processing and unifying all the sectorised
Digital Terrain Models (DTM) that comprise the work-
ing area, downloaded as open data from the National
Centre of Geographic Information (CNIG).

The various datasets have been included as independ-
ent layers in a local GIS project. Their geometry can
therefore be visualised on a map and the symbology can
be modified to suit the interface of the web application.
Colour criteria, visualisation scales, and semantic labels
have all been established. All these processes have been
conducted using ESRI ArcGIS Pro desktop software. The
coordinate system used for the geodatabase is Web Mer-
cator on ellipsoid WGS84.

Output data and online dissemination

The implementation of the web application consisted
of two steps. The first of these was the publication of its
content on a GIS-cloud platform and its subsequent inte-
gration in the web application developed according to the
described functionalities.

Geographic web services publication The content of the
local geodatabase has been published on a GIS Cloud por-
tal in the form of various geographic services. The portal
used, ESRI ArcGIS Online, allows the hosted information
to be shared as open data. A specific workspace has been
set up in the portal for the VIDA-HTL project to manage
the publication of the geographic web services.

The publishing and updating process has been con-
ducted directly from the local GIS project created in
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Table 3 Detailed description of the contents of the spatial database created for the VIDA-HTL project

Geodatabase contents

Feature dataset Feature class

Spatial feature Geometry type Source format

Vectorial data
VIDA-HTL catalogue
Environmental and tourist services

Cultural heritage assets

See Additional file 1: Table S1
ULA-O_VIDA-HTL working area
ULA-1_Landscape area
ULA-2_Municipalities

ULA_Spatial reference

981 Point; polygon Shapefile (shp)
5444 Point; line; polygon  Shapefile (.shp)
1 Polygon Shapefile (shp)

17 Polygon Shapefile (shp)
73 Polygon Shapefile (shp)

Dataset Raster Cell size Raster bands Source format
Raster data
Topographical base map 27 sectorial DTMs corresponding to the working area  25x25m 1 ASCII (:asc)

ArcGIS Pro, thereby preserving the customised visu-
alisation options. The datasets of the local geodatabase
are therefore published in ArcGIS Online as attribute
web services, with the status of hosted layers: feature
layers for vector datasets and tile layers for raster data-
sets. These services integrate the semantic content of
the VIDA-HTL web application. Once published, a web
map is created on the portal, in which the datasets are
included as interactive layers. Finally, this web map con-
stitutes the cartographic base of the web application.

WebGIS application development The web application
has been developed using the ArcGIS Experience Builder
platform, based on the conceptual criteria established in
Stage 1. This tool allows the creation of GIS-based web
applications using pre-configured templates without
the need for programming. However, the functionalities
of these templates are limited, since it was necessary to
implement a specific module that extends and customises
the templates according to the requirements of each pro-
ject. This module, used in the research, is based on the
programming library ‘ArcGIS API for JavaScript’

The aforementioned functions in the web application
were generated by using configurable and sharable func-
tional units called widgets. A total of 24 widgets have
been implemented, which are organised into six catego-
ries (Additional file 2: Table S2): map-centric; data-cen-
tric; page-element; menu and toolbar; layout; and section.
The capabilities of several of the predefined widgets have
been edited through the extensibility framework JIMU;
integrated with the ArcGIS API for JavaScript. These
widgets include functions of different natures: the ‘Map’
widget, which allows the integration of the created web
map into the application; the ‘Search’ and ‘Filter’ widgets,
for the different search options in the database; the ‘Near
me’ widget, for the location of nearby heritage assets and
services; and the ‘Directions’ widget, for the calculation

of cultural itineraries. Regarding the latter, its operation
is based on the geoprocessing tool ‘Network Analysis. For
its configuration, it was necessary to use a transportation
network dataset, that is, an undirected navigable network
that includes the entities of the existing transport system
such as streets, paths, roads, and railroads. Having veri-
fied that the calculation results are acceptable (see “Func-
tional and social assessment” section), it was decided that
the predefined ESRI multimodal network dataset should
be used.

Moreover, other complementary tools have been
implemented in the web application: in particular, an
interactive tutorial has been developed to illustrate the
use of the app; a dashboard which compiles and ena-
bles real-time statistics to be consulted on the spatial
data included; and a collaborative Hub, which enhances
the user interaction with the data and the interaction
between users.

Functional and social assessment

This section includes the evaluation of the technical
development and social viability of the materialised
proposal.

Web app technical verification

This action consists of the development of a series of
functional and non-functional control tests of the appli-
cation, both to verify its technical feasibility and to
ensure its quality. The evaluation focuses on the two
main functions of the application: the asset search engine
and the cultural route calculator.

Heritage assets search engine

The selection of the “Search cultural heritage” function,
accessible from the “Home Page’, activates by default a
simple search engine in which the manual insertion of a
word or expression and the selection of a predefined text
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leads to a page with the search results. If this function
does not suit the user’s needs, it is possible to activate the
“Advanced search” function. This function enables the-
matic queries based on the information fields included
in the database. In particular, the user combines different
search filters by selecting the attributes of interest. Three
complementary filter types can be used (Fig. 7a):

» Simultaneous conditions, to select assets that match
the selected attributes.

+ Optional conditions, to add assets that meet certain
attributes to the above selection.

+ Excluding conditions, to eliminate from the selection
the assets that correspond to the selected attributes.

In this respect, the web application works as a herit-
age inventory where the user can identify assets located
in a specific municipality, corresponding to a particu-
lar chronological period, or related to a certain activity,
among other options.

The result of the advanced search is displayed on the
interactive map of the web application, from which it is
possible to consult the heritage information of each of
the assets in a pop-up window. Furthermore, statistical
graphs are displayed that enable a quantitative and quali-
tative analysis of the selected group of heritage assets
(Fig. 7b). The final selection of assets can be modified
manually at the end of the search. This selection can be
saved and later used as reference points for the calcula-
tion of a cultural itinerary.

Data-driven analysis of heritage assets The process
of verifying and expanding the inventory of assets has
resulted in an updated list of cultural assets within the
study area. In total, 981 architectural and archaeological
heritage records have been georeferenced with associated
data, which represent an increase of 15.4% over the initial
number of 831.

The content of the attributes that comprise the data-
base has enabled statistical analyses to be conducted for
an exhaustive verification of the data (Fig. 8). These anal-
yses are divided into the following categories: (A) Identi-
fication, (B) Characterisation and (C) Dynamisation. The
data is available through a dashboard integrated in the
main window of the web application.

The municipalities with the highest concentration of
heritage assets are Carmona (111) and Alcald de Gua-
daira (98), followed by a second group containing the
municipalities of Lebrija [69], Utrera [50], Sanlacar de
Barrameda [49], Villanueva del Rio y Minas [45], and Dos
Hermanas [41]. These seven municipalities account for
47.2% of the heritage buildings in the study area, which
is made up of a total of 73 municipalities. In turn, these
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seven municipalities account for 30.4% of the total sur-
face area of the working area. This shows an unequal
distribution of assets in the study area, with a greater
concentration in the eastern side.

On the other hand, the analysis reveals a greater num-
ber of assets identified as architectural heritage (795;
81.0%) compared to archaeological heritage (60; 6.1%).
The minimal presence of the latter in the web application
is due to the shortage of archaeological sites in appro-
priate conditions to ensure that their consideration as a
tourist resource exerts no negative effect on their preser-
vation. Regarding the chronological period of the assets,
it is evident that a greater number of assets belonging to
the Contemporary Age (556; 56.7%) and Modern Age
(223; 22.7%) have been preserved to date. This circum-
stance is related to the building typology and their related
activities. A third of the assets are linked to the exploita-
tion of the territory from a productive perspective, with
buildings such as plantations and farmhouses belonging
to the agricultural sector (317; 32.3%). Religious heritage
also has a major presence in the study area (192; 19.6%).

With respect to the protection status of the registered
heritage, one fifth (203; 20.7%) is catalogued as an Asset
of Cultural Interest (BIC in Spanish), which is the most
important status of heritage protection granted in Spain.
Likewise, the correct general state of conservation of
most of the registered assets (763; 77.8%) is worthy of
mention, regardless of whether they command any type
of protection status. Finally, it has been verified that more
than three quarters of the inventoried assets are physi-
cally or visually accessible (798; 81.3%), including contact
information on the database.

This analysis provides exhaustive knowledge of the
quantification and categorisation of the existing heritage
in the working area. Many of these assets do not appear
in any kind of inventory or have no protection status
assigned. Consequently, it is a useful tool for both general
users and stakeholders involved in territorial and herit-
age management.

Cultural route calculator
Regarding the implementation of the route calculation
function, the selection of the function “Create Route’,
accessible from the “Home Page’, leads to a simple tool,
which works by either selecting on the map or by manual
text insertion of a minimum of two heritage assets for the
calculation. The route can be configured according to the
mode of travel: on foot or by motorised transport. Cal-
culated routes can be exported in different formats for
offline use.

The advanced search tools can be utilised to filter the
detailed assets included in the route. In this respect,
the feature dataset ‘ULA_Spatial Reference’ is useful, by
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Fig. 7 a Advanced search filters available in the web application. b Search result on the interactive map with listing, statistical information,
and pop-up window for individual queries

means of which spatial selection filters can be established Alternatively, the selection of a set of thematic routes is
to calculate routes corresponding to different geographi-  enabled without requiring the configuration of the user.
cal areas, from ULA-0 to ULA-2 (Fig. 9). This is the “Proposed routes” option (Fig. 9). Specifically,
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Municipalities

\

Basic 1% Architectoral heritage 81,0 % (795) Time Period

Classification B Infrastructure heritage 12.8 % (126)
M Archaeological heritage 6,1 % (60)

W Agriculturalivestock heritage 323 % (317)
M Religious heritage 19,6 % (192)
W Civil heritage 13,3 % (130)

Ky

B Defensive heritage 3.4 % (82)
. General B Industriat hesitage 6,4 % (63) Specific

Tipology B Resideatial heritage 5,3 % (52) Tipology
W Hydraslic infrastructure 4,3 %6 (42)
B Fuserary heritage 4.1 % (40)
B Mobility infrastructure 3,5 % (34) /
M Human settlement 2,0 % (20)
M Extractive infrastructure 0,9 % (9)

State of ¥ Good 77,8 % (763)

Conservation M Bad 21,8 % (14) Accessibility

(C) DYNAMISATION

Fig. 8 Categorised analysis of the information stored in the database

a total of 49 routes have been introduced as part of the
feature dataset ‘Environmental and Tourist Services.
Lastly, the web application provides specific informa-
tion on the routes. Spatial tools have been implemented
to obtain the topographic profile and the calculation of

M Contemporary Age 56,7 % (556)
W Modem Age 22,7 % (223)

W Middle Age 13,5 % (132) Protection
B Roman Age 4,7 % (46) Status

B Prenistory 1,5 % (15)
M Protohistory 0,9 % (9)

W Plactations 18,5 % (181)
B Chucches 11,3 % (111)
W Farmhouses 8,0 % (78)
W Hermitages 4,7 % (46)
W Towers 3,9 % (38)

W Castles 2,9.% (28)
Gl 2.8 % 27)

W Bridges 2,8 % 27)

B Villages 2,5 % (25)

I Palace houses 2,0 % (20)
W Settlements 1,9 % (19)

M Cemeteries 1,7 % (17)

W Foutains and Pillars 1,7 % (17)
B Others 35,4 % (347)

W Yes 52,2 % (512)
W Visual 29,2 % (286)
HNo 18,7 % (183)

Accessibility

Type

W No 79,3 % (778)
I Yes 20,7 % (203)

W Devotional practice 19,2 % (188)
M Agriculturallivestock 14,9 % (146)
B Otive growing 14,6 % (143)

M Residential activity 9.3 % (91)
W \ititary operations 8,7 % (35)
W Fugenal 4,1 3% (40)

¥ Transportation 4.0 % (39)

W Cultucal activity 3,6 % (35)

W Milling 2,1 % (21)

I Water extraction 1,7 % (17)

M Winemaking 1,7 % (17)

M Leisuce 1,6 % (16)

W Mining 1,4 % (14)

W Others 13,1 % (129)

1 Free access 41,0 % (402)
I Concerted access 12,4 % (122)

other specific parameters associated with the route, such
as the distance, slope, and average gradient (Fig. 9). Like-
wise, the attributes associated with the thematic routes
from their original data source can be consulted on the
interactive map.
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In order to complement the search results, the
“Advanced spatial search” function enables the detec-
tion of heritage assets or services located at a certain
distance from a selected route. To this end, a route
is selected for use as a reference for the calculation
and the result to be visualised is indicated as herit-
age assets, nearby services, or both. Finally, the calcu-
lated distance from the selected reference is specified.
This shows the results in the map, which significantly
helps in the planning of cultural itineraries (Fig. 10).
The data sources employed are the feature datasets
‘VIDA-HTL Catalogue’ and ‘Environmental and Tour-
ist Services.

Validation of calculated cultural routes Given the dif-
ficulty involved in the geospatial control of routes in a
rural environment, a verification has been conducted of
the correct performance of the multimodal navigable net-
work implemented in the web application. The evaluation
was conducted in a ULA-3 geographical area, specifically
in the municipality of Santiponce. The ULA-3 enables the
delimitation of a working area of feasible dimensions to
verify the results accurately.

In this way, 21 routes connecting different cultural
assets belonging to the municipality of Santiponce have
been evaluated. To this end, a series of indicators have
been established to assess the response levels of two
selectable modes of travel: pedestrian and motorised
vehicle. For the evaluation of the pedestrian routes, eight
levels of response are defined in gradual order, with
acceptable results being those between levels A and D,
and unacceptable results being those between levels E
and H. The evaluation of the motorised vehicle routes
is based on seven levels of response which compare the
calculated route with the result for the same route in a
pedestrian route. In this case, those between A and D are
considered acceptable, and those between E and G are
considered unacceptable (Fig. 11).

The study conducted on this representative sample
shows that the navigable network implemented pro-
vides acceptable results in more than 75% of the cases
for either mode of travel. The unacceptable results are
mainly due to three factors:

+ The complex geographical location of assets located
in a rural environment. This results in the definition
of itineraries that fail to lead directly to the access
area of the asset (Fig. 12a).

+ Lack of cartographic data of accessible rural roads
that can be included in the navigable network. This
results in itineraries that fail to consider existing
roads, and instead propose longer and inefficient
routes (Fig. 12b).
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+ Incorrect definition of the connection nodes between
roads in the navigable network. This results in the
non-detection of intersections connecting roads of
different types (Fig. 12c).

Web app social viability

This section focuses on the interaction with spatial data
within a community of users. In this regard, the devel-
opment of a collaborative web environment through the
‘ArcGIS Hub’ extension, within the ArcGIS Online frame-
work, has provided a series of complementary capabili-
ties that favour the use of the web application. The latter
and all content hosted on ArcGIS Online is accessible
through the VIDA-HTL Hub.

Regarding branding and user engagement, the Hub
interface includes identity elements of the VIDA-HTL
research project and other components that favour user
navigation and participation (Fig. 13). This content is
mostly audio-visual (logos, specific colour palette, typog-
raphy, project information, images representative of the
working area, etc.). A language translator has also been
implemented to ensure access to information for people
of different nationalities.

In quantitative terms, up to 10,000 users can create
personal accounts and store in them the content gener-
ated through the web application. This is considered a
sufficient number of users to verify the long-term per-
formance of the application. Furthermore, users can be
grouped into teams, and share content amongst their
members, with other teams, or publicly (Fig. 13). To
encourage interaction between users, the Hub includes
the capability of creating events and sharing them with
different levels of publicity in the user community
(Fig. 13). Moreover, events can be shared on social net-
works to achieve wider dissemination. This capability is
particularly relevant in encouraging the extensive use of
the web application.

The data included in the application can be accessed
and downloaded from the Hub, which is linked to the
ArcGIS Online root storage (Fig. 13). In this regard, the
Hub acts as an open data portal from which the user can
download spatial information in different formats (CSV,
KML, Shapefile, GeoJSON, and GDB). Moreover, this
data can be used directly online to create custom web
maps using ArcGIS Online resources, which can then be
stored in each user’s account within the Hub. This capa-
bility enables the creation of content that complements
the main functionalities of the web application for plan-
ning cultural itineraries.

Registered users have the capability of evaluating cul-
tural assets and itineraries within the application using
forms which have been generated for this purpose. In
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addition to a numerical rating, they can provide feed-
back and create discussion forums with other users of
the application. The user can also suggest modifications
to the existing information, as well as the inclusion of
new content. These suggestions are considered by the
web application managers, through an evaluation process

of its quality, accuracy, and relevance. Figure 14 shows a
discussion generated subsequent to the detection of an
obstacle on one of the proposed routes. These discussions
can be georeferenced, and an image can be attached. It
also shows the form included for the assessment of the
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contents. The collected results are visible when using the
search engine for cultural assets and routes.

Finally, web traffic analysis is conducted by the app
managers using monitoring tools within the VIDA-
HTL Hub (Fig. 15). It is therefore possible to observe
the behaviour of users in relation to its contents. This
resource is useful in numerous ways, including for ascer-
taining the time spent by users planning a route, and for
recognising in which time slots the app is most used.
Based on this data, the web application can be modified
to improve the user experience. Figure 15 shows peaks of
user activity concentrated at weekends, as well as an aver-
age usage time of approximately 30 min in the released
version of the web application.

Conclusions

The article presents the VIDA-HTL web application as
a tool to address the strong imbalances between human
settlements and the environment resulting from sectoral
policies and urban and regional planning instruments in
the area of the lower Guadalquivir. These imbalances are
the main cause of territories becoming less resilient and
increasingly less responsive in crisis situations. Our pro-
posal seeks to exploit the potential of architectural and
archaeological heritage to address inequalities and reac-
tivate those territories that remain less developed. The
valorisation and use of these cultural assets, promoted by
the VIDA-HTL web application, contributes to greater
local development, which acts as a counterbalance to the

development of metropolises and the global economy
and improves levels of regional resilience.

The web application construction is part of a con-
ceptual formulation and product design project that
has its origin in previous basic research. As a whole,
the project follows an action-research method of sys-
tematic enquiry where the theoretical research is aimed
at deciding on an intervention to improve or solve a
critical problem, in this case, the development of a web
application for the digital reactivation of the territory
of the lower Guadalquivir. To establish the phases of
the methodology, information related to technology
maturity levels (commonly used in the assessment of
the development of proofs of concept) has been gath-
ered, synthesised, and organised following a review of
the scientific literature. The implementation of these
actions to the case study has enabled a series of results
to be extracted. An analysis of these results in terms
of the established objectives using statistical methods
allows us to verify the level of achievement of these
objectives and to make proposals for improvements
to be considered in future phases of the technology
review.

Regarding the degree of development of the appli-
cation, subsequent to the technical verification of the
results and of the contents that have been introduced
in the application, Stage 4 has been reached in terms
of technology readiness levels. In this respect, the
implementation of the collaborative web environment
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‘VIDA-HTL Hub’ enables a comprehensive analysis of
the application’s potential and of its areas for improve-
ment, and even of how it contributes to redefining the
social pact on territorial governance.

Concerning the potential of the application, it is dem-
onstrated how the main functions of cultural heritage
search and route calculation are integrated, thereby
complementing other capabilities which are not jointly
implemented in other similar proposals.

With a focus on the benefits of the web application,
on the one hand, the function of searching for cultural
assets promotes a greater knowledge of the architec-
tural and archaeological heritage in the study area. This
increased knowledge can foster an economy of culture

that contributes to local development. On the other
hand, the route calculation function promotes slow
tourism, an alternative to mass tourism which, in the
case study, is concentrated in the city of Seville. Given
the pressing problems arising from over-tourism and
mass tourism, it is pertinent to explore feasible alterna-
tives to that which is considered to be “normal” travel,
characterised by its speed and intensity. One such
alternative is slow tourism. This favours the valorisation
and use of rural cultural heritage, which can lead to the
strengthening of local economies and the reactivation
of territories currently at risk.

While the web application can be a viable tool for the
valorisation and use of architectural and archaeological
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heritage, its scope is limited. More general objectives,
such as reactivating the most vulnerable territories or
counteracting the strong polarisation between urban and
rural areas, require coordinated strategies and consensus
between actors as diverse as the Administration, techni-
cal experts, economic actors, social actors and citizens.
In this sense, the promotion and development of applica-
tions such as VIDA-HTL can be part of these coordinated
strategies, highlighting the impartial role of university
institutions to assume the leadership of these initiatives.
Moreover, in this first version, no weighting coefficients
are applied to the routes. This reduces the possibilities to
influence social behaviour and to orientate the use of the
application towards more ambitious goals.

We concluded that a first point of improvement could
be the prioritisation of routes in the territory by apply-
ing route weighting coefficients. This formula could
be employed to encourage, for example, a greater use
of those roads or paths which have historically articu-
lated the territory. In this respect, it is assumed that
visual accessibility to the landscape and, ultimately, the
reactivation of the processes of territorial construction
depends on the usage of these roads and paths.

An essential improvement of the application would also
come from the continued enrichment of the developed
‘VIDA-HTL Hub; since it would allow the inclusion of

new multimedia content associated with the heritage reg-
isters and the routes themselves (such as videos, images,
and sounds). Such a substantial quantity of information
on heritage assets included in a variety of formats would
result in greater accessibility that would benefit end users
(inhabitants and tourists), who would be able to select
the most appropriate type of content according to their
interests.

Lastly, potential lines of future research have been
identified. The first line corresponds to the implementa-
tion of a protocol for the screening of cultural assets that
are not collected in the repositories and databases by
means of artificial intelligence. To do so, applications of
deep learning for computer vision such as object detec-
tion or image segmentation can be suitable. This would
give visibility to those assets that, despite their heritage
value, have yet to be included in specialised repositories
and databases. The second line corresponds to the inclu-
sion in the web application of 3D models of the cultural
assets and their surroundings, as part of the ULA-3
defined in this contribution. For this purpose, well-estab-
lished 3D GIS modelling procedures based on the use
of geographic data of different natures can be used. This
would enable a deeper knowledge of the cultural assets
from a more detailed perspective.
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