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ICT have burst vertiginously into people's lives, becoming a support for multiple
processes in different contexts of application and transforming the forms of communi-
cation and social interaction. Likewise, in the educational context they have positioned
themselves as mediation and learning tools in various disciplines, changing the way in
which knowledge is accessed and transferred, expanding the educational offer from the
presentation of information in multiple formats, allowing access to more content and
digital resources for learning [1], [2], creating revolutions that give rise to innovation
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Abstract—The irruption of digital technologies in social contexts and their
integration in education has led to new learning environments where the commu-
nication, interaction and access to knowledge are an essential part of the educa-
tional process. This paper shows a literature review and mapping of the most
important technological tools used in the contexts where heritage teaching has
been conducted in the last decade. For this aim developed a bibliometric analysis
of scientific publications in high impact journals through selective searches in the
specialized databases Scopus and Science Direct. The findings show trends in the
educational practice approach regarding heritage, integrating emerging technol-
ogies such as augmented reality, 3D modelling, artificial intelligence, QR coding
and virtual reality that offer situated and immersive learning experiences on mo-
bile apps and web-based platforms. From the studies analyzed in different con-
texts, it is concluded that the integration of digital technologies in the teaching
and heritage appropriation is a field that in recent years shows a clear increase,
so that it is necessary to consider the potential of these tools in it’s diffusion,
teaching and preservation to strengthen existing work lines and open up possibil-
ities to future studies.
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Introduction

scenarios [3].
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Due to this, this type of resources are an important factor in the generation of new
spaces for knowledge and self-training of people, so it is relevant to analyze the rela-
tionships and interactions that may arise when using digital technologies in education.

Regarding heritage, there has recently been a growing interest in considering a new
vision of this concept to refer not only to material goods, but to all the manifestations
that are part of culture and that sustain the identity of social groups. Nevertheless, a
greater effort is still needed to completely overcome the historicist vision of heritage
towards a new conception that places heritage close to people, since it is they who are
in charge of safeguarding, valuing and transmitting it [4]-[6]. Particularly, this position
focuses on the links that develop between heritage assets and people, as factors to be
considered in the teaching and didactics of heritage, as they are products derived from
processes of valorization and construction of identity.

Thus, e-tools contribute significantly to the teaching of heritage assets, by integrat-
ing various technologies and resources that not only allow the generation and transmis-
sion of heritage contents, but also the management of educational processes based on
them. Hereby, ICTs provide new scenarios for the consolidation of relationships and
the creation of meanings [7], giving rise to situated and experiential learning through
the communication of contents, bringing people closer to cultural assets, establishing
connections and becoming a support for heritage education processes. Recent studies
have therefore focused on showing the contribution of digital technologies when teach-
ing many disciplines, especially heritage. By implementing, immersive learning expe-
riences. [8], [9].

Despite the fact that in recent years the literature related to educational strategies
around heritage assets has been growing, few reviews have been developed in the line
of work related to the inclusion of ICTs in heritage education. The main researches that
stand out are oriented to the evaluation of educational programs on tangible and intan-
gible heritage [10], to heritage processes from an educational perspective [11] and to
the analysis of doctoral theses, articles and conference proceedings on heritage educa-
tion [12], [13]; all of them working secondarily on the issue of the integration of tech-
nologies. Among the few review studies on the approach to heritage with the use of
digital technologies, there are some whose interest is focused on examples of good
practices in the adoption of ICT in heritage education based on the fulfillment of stand-
ardized criteria [14], teacher training for technological mediation in museums [15], in-
teractivity in museums [16] and the formation of links and identities [17].

Considering that the previous experiences focus on specific contexts and programs,
this study aims to analyze experiences related to heritage education beyond museums
and heritage preservation institutions, also considering formal environments such as
universities or schools and experiences at the informal level where communication,
dissemination, preservation and enhancement of heritage take place, taking into account
the largest possible number of technologies that have been adopted in this line of re-
search. A systematic literature review is proposed to help elucidate the main contribu-
tions and emerging categories related to the use of digital technologies in the teaching
and learning of heritage. To this end, we start from two research objectives:
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1. Analyzing the publications in high impact journals that have been developed in re-
lation to the use of digital technologies for heritage teaching in the last ten years
(2010-2020).

2. It identifies the technologies used and the emerging trends in the teaching, learning
and appropriation of heritage in different contexts.

The study seeks to provide valuable elements that can be integrated into a theoretical
corpus in the field of heritage teaching and didactics, as a contribution to the study of
the use and appropriation of digital technologies in education.

2 Methodology

During the development of this study, the literature review is conceived as a system-
atic and objective process to achieve the purposes of the research by approaching the
body of research published in high-impact scientific journals. Viewed from this per-
spective, the recommendations of the PRISMA (Preferred Reporting Items for System-
atic Reviews and Meta-Analyses) statement are followed to guarantee the criteria of
quality, transparency and rigor of the study [18].

Hence, inclusion and exclusion criteria were defined to delineate a group of poten-
tially relevant studies to be considered in the analysis. Research articles published be-
tween 2010 and 2020 whose thematic areas were Social Sciences, Arts and Humanities,
in open access, in Spanish and English and that were related to the use or validation of
technologies in heritage education in different ficlds were only taken into account. We
excluded documents that were not available for downloading in full text, reports, es-
says, conference proceedings or studies developed in other disciplines that did not have
an educational intention or those that, although related to heritage, did not include the
use of digital technologies.

Selection of the articles was based on a search of the Scopus and Science Direct
databases according to their relevance, volume of publications and worldwide recogni-
tion as one of the main sources of scientific publication and indexing of high-impact
journals. Harzing and Alakangas [19] point out that in systematic literature reviews it
is necessary to use databases that provide stability and sufficient coverage.

On the search protocol for research articles was located in the period 2010-2020
using the following keywords in English: heritage, heritage education, heritage educa-
tional, heritage educational, teaching, program, programs, combined by means of logi-
cal operators with ICT, Digital technologies, Technological. The following search
string was run: ((heritage education) OR (heritage teaching) OR (heritage educational
programs) OR (heritage education program) OR (heritage educational programs) OR
(heritage education ICT) OR (heritage ICT) OR (heritage Digital technologies) OR
(Technological and heritage)).

Query results were further filtered to open access papers only, period specific, re-
stricting titles, abstracts, and keywords to the specific search terms. The search yielded
805 articles, of which 722 came from Scopus and 83 from Science Direct; all were
extracted and imported into the Mendeley reference manager and organized in a spread-
sheet for preliminary analysis.
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Studies included (n = 54)

Fig. 1. Process of identification and selection of studies from PRISMA.

From the first phase of review by title and abstract, 574 documents and 30 duplicates
were excluded. A total of 201 documents were downloaded for full-text review, select-
ing 54 articles for detailed analysis according to previously defined inclusion criteria
(Fig. 1). Results articles were imported into MAXQDA 2020 software for an initial
scan seeking to analyze keyword frequencies, cooccurrences and code generation based
on inductive categorization and to gain an understanding of the lines of research that
have been developed around the purposes of this study. Microsoft Excel and Vosviewer
were used for quantitative analysis, systematization and data visualization.

3 Results

Primary objective of the study has been to determine the volume of publications,
trends, categories and themes emerging from the review in relation to the use of digital
technologies in heritage teaching and learning. Therefore, the results are presented in
terms of the research objectives proposed in the study.

3.1  The bibliometric perspective of publications related to the use of digital
technologies in heritage teaching

Related to the first objective of the study, the bibliometric analysis provides relevant
information on scientific publications in terms of volume, evolution, dissemination and
visibility, which allows an objective evaluation of the impact of scientific publications
and their sources [20]. A rigorous selection process was therefore carried out to deter-
mine the number of studies relevant to the analysis. The results show an evident growth

iJET — Vol. 16, No. 21, 2021 135



Paper—Digital Technologies for Heritage Teaching: Trend Analysis in New Realities

of academic production in this line of research in the last ten years, with a clearly in-
creasing trend in the number of publications.

Figure 2 shows that between 2012 and 2018 the number of publications remained
stable, but subsequently there has been an accelerated increase in the last three years.
Aforementioned demonstrates the growing interest around this topic in high impact
journals and a higher degree of dissemination could be expected in the coming years,
although this number is extremely low and insignificant compared to the large volume
of publications produced today in the scientific community.
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Fig. 2. Number of publications per year

Published papers

As regards country of origin, the articles are distributed among 19 countries; 81%
are concentrated in nine countries, with Spain being the country with the highest par-
ticipation in the publications with 37%, followed by Greece with 9%, Italy with 7%,
the United Kingdom with 7%, Portugal with 6%, Colombia with 4%, the Netherlands
with 4%, Romania with 4% and the United States with 4%. Other countries have equal
participation with 2% of the total number of publications. This information may be
useful for researchers interested in establishing networks and collaborative activities
related to the research topic, either through co-authorship in publications, participation
in academic events or internships.

20
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Fig. 3. Comparative progression of scientific production in Scopus and Science Direct.

Moreover, the publication of the articles submitted for analysis is concentrated in 31
journals, whose information was consulted in SCImago Journal & Country Rank (SJR)
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to determine the quality and impact factor, although it was found that some of them are
not indexed.

In Table 1, the ten most relevant journals, their quartile in the SJR 2020 ranking, the
impact factor and the number of articles published are shown. It is pertinent to note that
of the total number of articles selected, 48% were published in these journals. Such
information could be useful for researchers, research centers, educational institutions
whose lines of research focus on the use of technologies in the appropriation of heritage,
so these metrics can point out opportunities to consolidate and make their publications
visible.

Table 1. SJR ranking of the most representative journals

Quartile Journal Factor of Impact (FI) Articles Papers

International Journal of Heritage Studies 0,696 1
Sustainability 0,612 10

Virtual Archaeology Review 0,450 6

Ql Space and Culture 0,426 1
Advances in Archaeological Practice 0,425 2

Journal on Computing and Cultural Heritage 0,371 1

Museum Management and Curatorship 0,307 1

Revista Complutense de Educacion 0,466 1

Q2 Education Sciences 0,453 2
Arbor 0,154 1

Citations received by the articles published in the 31 journals were also reviewed,
and the information was organized in Table 2, displaying the ten most relevant journals
according to the number of citations received in the articles published in the selected
period.

Table 2. Journals with the most citations received in Scopus

Journal Cites Received
Sustainability (Switzerland) 71
Procedia Computer Science 34
Virtual Archaeology Review 21
Design Journal 14
Arbor 8
Advances in Archaeological Practice 7
Revista Electronica Interuniversitaria de Formacion del Profesorado 7
International Journal of Emerging Technologies in Learning 6
Munibe Antropologia-Arkeologia 6
Museum Management and Curatorship 6

Notably, the journal Sustainability occupies first place with the highest number of
citations (71), of which 67% are concentrated in three articles. Noteworthy here are the
studies by Martinez-Grafia et al. [21] with 26 citations, the work of Dollani et al [22]
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with 14, and the study by Gomez-Oliva ef al. [23] with 8 citations received. Indeed, the
impact of this journal is evident since all the articles published and that were the subject
of this analysis have at least one citation, even those of more recent publication.
Thereby, the greatest contribution of the information presented in Table 2 consists in
providing the research community with valuable elements that they can take into ac-
count when making their publications, since the visibility of scientific production is of
great relevance as a means to achieve greater social appropriation of knowledge.

Regarding the educational setting in which the studies were carried out, 60% of the
research experiences were developed in non-formal settings, 15% in primary schools,
11% in secondary schools and 14% in technical or higher education institutions. Re-
garding the methodological approach of the studies, 52% are quantitative designs, 35%
qualitative and 13% with mixed methods. Further, these data can be considered of great
importance when addressing research proposals that include technologies for heritage
education in different areas, considering the methodological richness of the approaches
and thus being able to respond to research interests.

3.2 Emerging trends analysis related to the use of digital technologies in
heritage education

Answering the second objective of this study, a co-occurrence analysis of relevant
terms defined by the same authors is initially presented. Such a procedure is an efficient
procedure to discover emerging trends from the relationships between keywords within
the same context [24].

The data were loaded into the VosViewer software [25] for visualization after de-
bugging the keywords of the articles. In order to obtain a meaningful list that would
result in a map of relationships easy to analyze and understand, only terms whose fre-
quency was equal to or higher than 3 were considered.

Figure 4 illustrates the bibliometric map generated by the Vosviewer software from
all the keywords contained in the 54 selected articles. It also shows the network of
relationships between the terms, with some being stronger than others, which can be
understood from the proximity between the labels. Based on this visualization, five
clusters were identified, generated from the most frequent relationships between the
keywords, which are described in Table 3.

Table 3 identifies two major clusters on which the discussion will focus in the fol-
lowing section, as the terms and co-occurrences describing clusters three, four, and five
are closely related to the first two clusters. The most frequently occurring keywords in
the articles offer new fronts of work and emerging approaches to research or theoretical
dissertation related to the use of digital technologies in heritage education. Supplement-
ing the descriptive perspective of this review, a full-text analysis of the studies was
conducted to determine more precisely the research foci that emerge as a task for re-
searchers interested in this topic.
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Fig. 4. Relationship map generated from the keywords.

Table 3. Clusters identified in the co-occurrence analysis

gies (ICT) are grouped together.

Cluster Description Most related terms
cultural heritage, education, heritage, heritage education,
15 terms related to Information |heritage education, sustainability, sustainable develop-
ICT and Communication Technolo-|ment, augmented reality, co-creation, conservation, digital

heritage, learning, museums, art education, secondary edu-
cation, virtual reality

Cultural herit-
age

Clustering of 14 keywords asso-
ciated with cultural heritage

storytelling, heritage education, art education, art educa-
tion, augmented reality, co-creation, conservation, educa-
tion, ICT, 3D, learning, virtual museums, sustainability,
sustainable development, virtual reality

11 words related to 3D modeling

cultural heritage, heritage, augmented reality, co-creation,

age conservation strategies.

3D techniques and applications are|conservation, digital heritage, education, learning, second-
integrated. ary education, virtual museum, virtual reality
.. |education, cultural heritage, augmented reality, 3D, co-cre-
. Groups 9 terms related to herit- - , G £¢, augn . ¥> 21 €0
Conservation ation, ICT, learning, sustainability, virtual reality, virtual

reality

Virtual reality

It includes 9 keywords associ-
ated with virtual reality-based
applications.

cultural heritage, ICT, conservation, co-creation, 3D, sus-
tainability, sustainable development, learning, secondary
education

Findings derived from the analysis of the emerging categories are presented as a
basis for considering digital technologies as tools that can be introduced in a relevant
and intentional way in didactic and methodological strategies for heritage teaching,
since they have become tools for mediation and learning in various disciplines.
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Studies reviewed point to heritage learning experiences in museums through virtual
exhibitions or the design of interactive scenarios for informal users [26]-[31] or as en-
vironments for experiential learning as an extracurricular activity [32], [33]. Outstand-
ing studies show how museums have adapted to the new realities derived from the pan-
demic, venturing into the design of digital resources for the dissemination and commu-
nication of heritage and maintaining a close relationship with students, teachers, re-
searchers and users in general. Samaroudi ef al. [34] analyzed the cases of 83 institu-
tions dedicated to heritage preservation in Europe and America. Furthermore, Rivero
et al. [35] analyzed 254 museums and heritage preservation centers in Spain to learn
about the strategies for education, dissemination and interaction with heritage that were
adopted as a result of the closures caused by Covid-19. Among this type of experiences,
the use of digital platforms, artificial intelligence [36], [37] and social networks as strat-
egies used to maintain their training and communication programs with citizens stands
out.

Meanwhile, the development of modeling techniques with 3D technology has had
great relevance in recent years as a tool for the conservation of heritage assets. Applied
as a complement to virtual or augmented reality [38], [39] these technologies make it
possible to reach all types of audiences and contribute to the preservation of geological
[21], archaeological [40]-[42] and intangible [43] heritage, involving teachers in train-
ing and also young people in the design of collaborative platforms and materials for the
support, safeguarding and revaluation of the significance of heritage [44]-[46].

E-learning and m-learning experiences supported by mobile applications and the use
of active methodologies have shown a positive contribution to the teaching and appro-
priation of heritage in various scenarios [47], [48]. The majority of the studies seek to
achieve a greater dissemination of heritage values and provide greater elements of in-
teraction to the designed applications including novel techniques such as gamification
[49], interactive maps [22] or reading QR codes [50] as dynamizers of the teaching and
learning processes of heritage. Along this line of work there are a good number of stud-
ies focused on the comprehensive evaluation of mobile applications, initiatives and her-
itage education programs that use technological platforms as a tool for management,
preservation, communication and innovation in heritage didactics and teaching [51]-
[53]. Nevertheless, although there are significant advances in the use of these technol-
ogies, it is necessary to continue working on offering tools that have a real didactic
adaptation in which users can enhance skills and make use of self-learning beyond re-
ceiving content in various formats [14], [54], [55].

New technological possibilities have also been found to dynamize the communica-
tion strategies of tangible and intangible heritage by adding immersive resources such
as augmented reality and video games [56]-[59], giving rise to ubiquitous learning ex-
periences and positioning digital technologies as tools to strengthen the links between
heritage and people [60] and as a strategy for its dissemination and preservation based
on the participation of citizens [61], [62]. Accordingly, another line of work that stands
out is the use of digital narratives in combination with other emerging technologies to
intensify and enrich learning experiences about cultural manifestations or heritage as-
sets [63]-[65]. Evidence is provided here of the value of these tools for the development
of pedagogical experiences with high levels of differential interaction and as support
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for intelligent solutions for the promotion of sustainable cultural destinations [23], [66],
[67].

However, there were experiences that used digital resources such as multimedia and
web platforms to support memory preservation strategies, the construction of identity
links or as a tool for the recognition of the historical and cultural legacy of localities
[7], [42], [68], [69]. More experiences have focused on the sustainable promotion of
heritage destinations and on the perception that the population has of its heritage [70],
[71].

4 Discussion

It has been developed the proposed study based on the analysis of publications in
high impact journals, in relation to the inclusion of information and communication
technologies in heritage teaching processes in the last decade. Considering the results
presented by the progression of scientific publications in the research line of interest, a
high rate of diachronic productivity is evidenced, which is supported by the accelerated
increase in the last three years. In this regard, this could be explained by the law of
exponential growth explained by Price [72], who states that scientific information tends
to double every 10 to 15 years, as can be seen in the graphs presented in the previous
section.

Most publications are concentrated in Europe, where Spain continues to be one of
the most prolific countries due to the institutional efforts that have been developed in
that country to consolidate effective models of heritage educational management as
demonstrated in previous studies [5], [10], [13], [15]. Further searches in other data-
bases are worth considering, in order to obtain data on publications in Latin America
in order to analyze more precisely the productivity in this context and thus provide
elements of value in the dissemination and consolidation of connections between re-
searchers from different continents to ensure greater impact and visibility.

Studies aimed at integrating innovative teaching models that consider digital tech-
nologies as tools for the dissemination, communication, safeguarding, preservation and
management of tangible and intangible cultural heritage in the educational sphere have
been the focus of interest in the evolution of publications on the research topic. For this
purpose, more than 30 specialized journals have publications in this line of work, ten
of which are those with the highest impact, which is reflected in the number of citations
presented by the studies. As a consequence, it is shown that there is room for this emerg-
ing line of research, which is supported by the diachronic evolution mentioned above.
Moreover, the role of digital technologies as a support in the processes of valorization,
shaping of identities and creation of meanings around heritage is ratified, since the
growing use of technological tools in museums confirms the possibility of building
links between heritage and people from the creation of scenarios for the understanding
of their social value [17], [60].

In addition, the adoption of digital technologies and the implementation of environ-
ments equipped with interactive content make museums more important at the educa-
tional level, ratifying them as meeting places for training, participation, experiential
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learning and the approach to new forms of knowledge production. Contrary to what has
been found in other studies [15], the results described here show an important number
of studies in which museum activity is one of the main ways of bringing heritage closer
to people, opening up possibilities for consolidating synergies between educational in-
stitutions and museums. Certainly, with the use of emerging technologies and virtuality,
these spaces have ratified their dialogic potential, making use of new forms of commu-
nication and interaction, whose impulse has been present mainly in the last year due to
the Covid-19 pandemic.

In terms of the trends that emerge from the review, it should be noted that the key-
words with the highest frequency in the selected studies coincide to a large extent with
the categories derived from the in-depth analysis of the texts. Two groups of the most
representative terms in the map of relationships and according to the emerging catego-
ries, the lines of work emerge as a task to be addressed in future research, since their
contribution to this topic is significant. Hence, the contribution of emerging technolo-
gies such as augmented reality, 3D modeling, artificial intelligence, QR coding and
virtual reality, can be positive when combined with active methodologies such as gam-
ification in different environments, offering situated and immersive learning experi-
ences on mobile or desktop platforms. Introduction of some of these technologies in the
context of heritage education had already been described in previous reviews [14], [16],
however here we ratify the possibility of integrating digital technologies in heritage
education as underpinning the emergence of a field of research that deserves to be ex-
plored.

5 Conclusions

Evidently, the irruption of ICTs in different areas of our lives, as well as their incor-
poration in education, has led to the generation of new learning scenarios where com-
munication, interaction and access to knowledge are consolidated as fundamental ele-
ments of educational processes. These findings confirm that the integration of digital
technologies in the teaching and appropriation of heritage is a field that in recent years
has shown considerable growth, demonstrating the multiple possibilities and contribu-
tions of these resources in the processes of dissemination, resignification and educa-
tional management of heritage.

Consequently, it is reaffirmed that digital technologies are increasingly consolidated
as valuable tools to promote the linkage with heritage that leads to the creation of new
meanings [7]. Moreover, this means that their integration in formal and informal con-
texts for heritage education can become the best ally in the new realities where training
and access to knowledge is only possible to a large extent through the scenarios and
possibilities provided by virtuality, overcoming the limitations of face-to-face models
that deepened as a result of the pandemic.

As aresult, this review is an approximation to a much broader thematic corpus, since
only two high-impact databases have been considered. Research is needed to continue
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exploring other specialized repositories where the lines of work outlined here are ex-
plored in depth and to continue the search for new ways to validate the contribution of
digital technologies in the approach to heritage from an educational perspective.
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