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Abstract: As a consequence of the scarcity of studies of augmented reality (AR) in Spain, this study
developed a questionnaire to evaluate teachers’ perceptions on the use of AR for heritage teaching
(n = 347 teachers: n = 131 in-service/n = 216 in-training). The objectives were to: (1) identify teachers’
existing knowledge about AR; (2) evaluate educational strategies teachers value most in AR apps
for teaching; (3) evaluate necessary AR functions; (4) determine desired technical and functional
characteristics; and (5) compare any significant differences between the two groups. The results
provide a contribution to the increasing implementation of AR apps in heritage education, which
promotes the understanding, enjoyment, experience and knowledge of heritage. Heritage education
is increasingly present in Spanish classrooms due to awareness of the country’s rich heritage, and
AR is a good tool for understanding and linking society with its heritage. From the results, it is
clear that, despite their desire for implementation, there is a lack of teacher training in applying
AR; both subsamples pointed out the importance of humanising the explanations in AR apps with
experts or actors who mediate heritage and value the ease of use of these apps, multifunctionality,
low battery consumption, and use in the background. Significant differences suggest potentially
greater educational commitment among active teachers who seek deep and meaningful learning,
above the superficiality and enjoyment reported by teachers in training and, on the contrary, the
value placed on technical and visual aspects, related to the high use of mobile devices.

Keywords: augmented reality in education; heritage education; teachers; cultural heritage; ICT

1. Introduction

The arrival of mobile devices in our daily lives changed our way of receiving in-
formation, communicating and interacting. Consequently, agents of transformation and
change, such as schools and institutions for safeguarding and conveying heritage, have
adapted to this new, unstable and constantly moving landscape [1]. Since Caudell and
Mizell coined the term augmented reality (AR) in 1992 [2], this technology—combining
the real world with the virtual one, interactive in real-time and registered in 3D—has been
redefined on multiple occasions [3–5]. AR is a digital technique that can complement reality
through the recreation of scenarios, environments or superimposed characters, in relation
to heritage. AR makes it possible to interpret archaeological remains or modified urban
plots, to visualize part of an object, to integrate a virtual guide in a visit or to show virtual
information superimposed on heritage spaces. Nevertheless, it was not until the game
Pokémon GO appeared and its popularity soared that people became more familiar with the
term AR and the technology was viewed as a real breakthrough [6].

1.1. Augmented Reality and the Virtuality Continuum

We consider it necessary to dedicate a few lines to clarify the distinction between
the terms augmented reality (AR) and Virtual Reality (VR), as they are sometimes used
interchangeably and correspond to different technologies, as stated by [7] in their taxonomy.
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Both authors establish a flow or Virtuality Continuum (see Figure 1); that is, a continuous
scale that would go from the purely real and physical (Real Environment—RE) to the
exclusively virtual and without components of the tangible world (Virtual Reality—VR),
passing through augmented reality (AR) and augmented virtuality (AV). AR, characterised
by the enrichment of the real world with superimposed virtual elements through electronic
devices, would be in a position close to real space, while VR involves the generation of
environments parallel to our real context, creating fully virtual 3D environments through
computers in which we can interact if we have the appropriate equipment—it corresponds
to one end of the Virtuality Continuum.

Figure 1. Diagram that reflects the taxonomy proposed by the authors Milgram and Kishino (1994) for the Virtuality
Continuum [7].

1.2. Augmented Reality in the Educational Context

In the last decade, several reports such as the Horizon report published by the NMC
(New Media Consortium) have emphasized that AR is one of the emerging technolo-
gies with the greatest impact on the educational world, due to its potential to modernize
educational contexts. Horizon has been analysing AR’s gradual introduction into class-
rooms since 2010 and has found that this technology is here to stay in the educational
context [8].The use of AR as an educational tool has been the focus of several recent stud-
ies [9,10] that have highlighted benefits such as improved academic performance due to
its motivational, creative and entertainment potential; its capacity to enhance and contex-
tualise information; and the possibility of other types of learning [11–15]. The systematic
review of the literature arisen from the use of AR for educational purposes is today an
open and constantly evolving line of research [13,16–19].

As AR is a multifaceted technology, it can be used to form 3D educational content, to
implement ubiquitous, collaborative and situated learning, or to develop students’ senses
of presence, immediacy and immersion [20–22] and many other educational possibilities
outlined in other studies [23–25]. These learning environments, which are richer and
closer to learners [16,26–28], favour the development of several skills based on experiences
in real contexts [29]. When we refer to real contexts, what is stated is that AR favours
the acquisition and understanding of knowledge through the superimposed image or
recreation that AR allows us in a heritage space—for example, recreating a fire in a cave—
or in the classroom itself; the combination of the place with the image allows a more
holistic understanding of the culture. This experience can take place on a site or in a school
classroom, but we always need a place where AR can be superimposed; that is what we
mean by real context. This technology can provide learning experiences in and outside the
classroom and enables reality to be contextualised by deploying links with virtual elements.
It allows us to build new immersive learning ecosystems that are educationally novel and
engaging for students [30].

In the educational field, a prominent meta-analysis study [14]—based on a comparison
of experiences that have used AR with others that have not—highlighted better under-
standing of content, more sustained retention in long-term memory, improvements in
performing physical tasks, and student collaboration and motivation as strengths; other
studies, however, have identified that AR is effective in improving students’ learning
performance, motivation, attitude and commitment [17].
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References have identified several limitations, which include technical difficulties
in maintaining the superimposed information, excessive attention to virtual information
and considering AR as an intrusive technology [17]. Since it was introduced in education,
ineffective integration in the classroom and learning differences among students have been
underscored [14]. Shortcomings in students’ attitudes and motivation due to systematic
use—likely abuse—in curricula were also mentioned [13], as was reluctance to use it in
educational but non-entertainment contexts, problems with interfaces, the need to train
teachers, restrictive legal loopholes when using electronic devices in schools, and a possible
lack of interest—inherent in every passing fad—which can lead to AR losing its role
as an incentive.

The review of the literature from the educational field and, particularly, from its appli-
cation to heritage spaces -expanded in the following sub-sections-, forms the theoretical
framework for developing the questionnaire, the guiding instrument of this study. It is
therefore necessary to include the advantages and disadvantages of a new tool such as
AR, its benefits and limitations, as well as the objectives on which the studies that have
already been carried out have focused. This study gives a voice to teachers, beyond the
users, visitor, tourist or heritage agents and managers. From the educational field. we
wonder about the aspects that can benefit or harm the implementation of AR in formal
education. If AR is so positive and achieves more holistic learning, why is it not really
being applied in formal education? What characteristics should these applications have? Is
there a real possibility of implementation or are we drawing castles in the air? And most
importantly, are teachers aware of it? Is there a real possibility of implementation? These
are some starting questions that led us to investigate a reality that exists in the literature
but is not in line with classroom practices.

1.3. AR Applied to Heritage Education and Cultural Spaces

In the past ten years, museums have experienced an unprecedented technological
revolution that has invigorated contents and experiences by making them more engaging
and educational after virtual enhancing of real spaces. Recent studies have highlighted
the potential of AR and virtual reality (VR) as one of the major impacts of heritage media-
tion [31]; the pieces and the spaces have been digitised, their contents have been expanded
and access to culture has been improved by breaking down geospatial barriers [32].

One of the more recent studies put forward a list of ten best practices for introducing
AR in contexts in which heritage is at risk [18]. The courses of action include the need for
exhaustive documentation, a prior socioeconomic study, an assessment of the potential for
tourism at the site, economic viability, optimal Internet connection and the creation of a
free app. AR scenarios help students have a more comprehensive view of objects, places or
assets, based on techniques and strategies that provide additional dynamic and appealing
information—re-creation, reconstruction, pigmentation, viewing animations, etc.—using a
variety of media and symbolic systems, which aid individual training and the integration
of a learning system open to multiple intelligences [33]. As AR integrates the many
facets of information, using it makes a holistic and sensory learning experience possible,
resulting in better understanding of the space or the assets by reconstructing or recreating
historical facts and places [34]. With AR, students can interact with objects generated
virtually by manipulating them in the physical space without the need for sophisticated
devices [35]. Simultaneously, AR facilitates understanding of complex phenomena and
concepts by breaking down an object or phenomenon into its phases, stages or pieces—
or by demonstrating how it works or how it is used [36]. Finally, besides educational
aspects, documentation and protection factors have been identified as this technology
enables culture to be preserved digitally while optimising sustainable development through
managing and respecting heritage [37–40].

The use of AR facilitates accessibility, cultural understanding and proposes that new
forms of teaching and learning and interaction with heritage have a direct impact on the
development of digital competence. This is one of the key competences established by the
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Council of Europe in 2006 to promote lifelong learning for the benefit of knowledge and
the integral development of society as a major asset [41] and has recently been extended
by the European Framework for the Digital Competence of Educators: DigCompEdu [42]
as one of the primary objectives of teacher and learner education. In line with digital
competence, AR work applied to knowledge of heritage aims to foster a commitment
to care and conservation in public space that contributes to its sustainability and the
active participation of citizens as a driver of change; a goal integrated into the Sustainable
Development Goal “Goal 11. Sustainable Cities and Communities” of the 17 set out in the
United Nations 2030 Agenda for Sustainable Development [43].

Current research on using AR applied to educational heritage is motivated by analyses
of, for example, interactive technologies in museums [44] or the use of screens with AR in
interactive exhibitions [45,46]. One of the most prolific lines—as it is a heritage category
that AR particularly enhances—is the development and application of AR at archaeological
sites [47,48]. This type of heritage enables us to get closer to our past, although any
visualisation, re-creation or contextualisation exercise involving an interpretative approach
to a piece, remains or site will enhance our understanding and experience of history, art and
culture. This study is based on this premise, since AR—and VR as well—can be a highly
useful tool implemented in several ways: creating a virtual guide to accompany visits and
explain the collection [49]; proposing an interactive game during the visit superimposed on
reality and virtuality [47,50]; adding supplementary information such as data, anecdotes
or videos on the places visited [51]; reconstructing the visible part of remains [49]; or
showing the entire context surrounding the heritage asset in question [24,52]; and many
other possibilities.

1.4. Research Rationale and Research Questions

This entire review has been woven through threads that derive from AR applied
to heritage spaces from non-formal education and, also, compiling the advantages and
disadvantages that this medium can bring to learning and understanding of culture, history
and heritage, since it is at the educational level where more studies are being developed.
In contrast to this context, there is a considerable gap in its application in formal education;
we find some scarce experiences that analyse projects or educational actions. Studies
such as [31] have highlighted: the Formapps project that promotes educational innovation
through virtual spaces; networks and equipment [53]; the Baetica project, which promotes
the creation of learning communities through multidisciplinary research projects [53]; and
the SmartMarca project, an Italian proposal for the transmission of content in AR and VR
about culture and heritage, which aims to provide students with learning methods. This
study evaluated how the application of AR can enhance the acquisition of new knowledge
from the potential to be attractive, interactive, realistic and close to the students [54]. A
valuable study in this regard is that of Espinosa [55] who collects and analyses more
specific examples of real classroom practices using augmented reality, predominantly in
secondary and university education, although he presents some in elementary education
and from different areas of knowledge. Other authors [56–58] collect specific experiences,
seeking educational innovation with the implementation of AR, but always in higher
education. From the beginning, the focus has been on formal education, under the belief
that AR is a clear contribution to achieve more comprehensive and meaningful learning,
but there is not very advanced implementation in classrooms, and we wonder why it is
not being applied in the classrooms of Spanish centres if its significant benefits have been
demonstrated. Numerous questions revolve around this central idea: what characteristics
do these applications need to have; do teachers really know what AR is; are they aware of
AR as a learning resource; is there a real possibility of implementation or are we theorizing
something abstract? These are the starting questions that lead us to investigate a reality
that exists but is not being coupled to education in the classroom.
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2. Present Study

Heritage education today is a consolidated research field that is vitally important due
to its interdisciplinary education offering and its link to relevant current problems [19].
This study is part of two specific lines of research: firstly, technology applied in museums
and heritage education [50,59–61] and, secondly, the technology linking museums, visitors
and residents [62–65].

In the Spanish context, some authors [66] point out that we learned the first results
from applying virtuality to heritage in 2000 [67,68]. Although within this national scope,
in museum and heritage spaces, the starting point for this technology did not arrive
until 2010 [68], when the first museum installations using AR gradually appeared in
Europe [64]. Spain is a country rich in heritage, and the third largest in the world, in terms
of the number of properties recognised by UNESCO, and this incentive has made it the
leading country internationally in terms of scientific production in heritage education,
where one of its lines has been articulated in the last decade on the basis of projects and
research focused on ICT and virtual environments [69]. Implementation of AR has evolved
considerably in recent years and now virtual and augmented reality applications can be
found in several museums and heritage spaces [20,66,70,71]. In the last decade, AR has
become a consolidated avenue of research with a variety of topics such as its functionality
in heritage apps [71], user satisfaction and motivation [22], its use in tourism [21,71–73]
and the assessment of programmes and apps integrating AR [15,31,74,75]. However, so
far, no applicability studies have been located from the perspective of teachers to take
advantage of both the technological and cultural resources that we consider essential to
raise awareness or inculcate in students the protection, preservation and safeguarding of
heritage, commit them to its sustainability and developing the digital competences that
AR can promote. Therefore, it is worth asking whether AR is a valid resource for teachers,
what educational professionals can look for in AR, what educational possibilities will be
most valued, what characteristics an AR resource must fulfil and how its implementation
can be promoted.

As its applications are so diverse, this study aims to learn which features and func-
tionalities education professionals prefer. In our ongoing review, we have not yet found
any exploratory studies researching this collective’s perception. However, professionals
designing interfaces (programmers and engineers) and educational staff (teachers and edu-
cators) should move in the same direction, but rather respond to requests for quality and
efficiency in using them. Consequently, this study aims to identify these elements with a
questionnaire that includes three key factors: (1) rating of AR educational applications and
strategies; (2) preferred function in implementing it in a cultural setting; and (3) technical,
usability and learning features.

3. Materials and Methods
3.1. Research Objectives

The main aim of this research is to discover the features teachers and teachers in
training want to see in an app offering AR in a cultural setting—museum or heritage space.

To achieve this main aim of the research, the following questions have been answered:

Q1. Do teachers know and implement AR as a beneficial tool for learning and understand-
ing cultural assets in and outside the classroom?

Q2. What are the teaching strategies teachers rate most highly when implementing AR in
a classroom, museum or heritage space? (strategies)

Q3. Which function do teachers prefer when implementing a resource with AR? (function)
Q4. Which of an app’s technical and usability features do teachers and teachers in training

rate more highly when using it in a museum, at an archaeological site or a historical
place? (features)

Q5. Are there significant differences between the two groups’ requirements?
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3.2. Sample

Our study sample is comprised of two independent convenience subsamples as the
questionnaire was shared on the social networks of the researchers and of students in
the Bachelor’s degree in Primary Education and in the Master’s degree in Secondary
School Teacher Training at the University of Zaragoza. In total, the sample includes
n = 347 questionnaires, where n = 216 were completed by teachers in training and n = 131
by practising teachers.

The difference between both samples not only lies in the teachers’ professional experi-
ence but also in a significant age difference (see Table 1), since in the sample of teachers in
training (n = 216), 72.7% of the participants were born between 1996 and 2001 and have
between two and nine months of teaching experience. In the sample of practising teachers
(n = 131), 58.8% were born after 1979. We can compare the interests of both samples using
these data, since we would expect the former to be more familiar with the user’s experience
as young people use this type of technology more [74].

Table 1. Study sample.

Teachers in Training Teachers

Age Range No. % Age Range No. %

19 to 24
(born between 2001 and 1996) 157 72.7% 20 to 30

(born between 1990 and 2000) 8 6.1%

25 to 30
(born between 1995 and 1990) 39 18.1% Over 30

(born after 1989) 31 23.7%

Over 30
(born after 1989) 18 8.3% Over 40

(born after 1979) 38 29.0%

Over 50
(born after 1969) 2 0.9% Over 50

(born after 1969) 54 41.2%

Total: 216 100% 131 100%

3.3. Instrument

The data collection instrument is a questionnaire comprising 31 questions, two diag-
nostic or exploratory questions on awareness and application of AR in the classroom for
the teachers, and only 30 questions, after removing the application questions, for teachers
in training, as well as a common set of 29 questions divided into three blocks: (1) teaching
strategies; (2) technical and usability features; and (3) preferred function of AR implemen-
tation in cultural spaces (see Table 2). The elaboration of the questionnaire is based on
the theoretical review reflected in the previous sections, which supports its construction
together with the current state curricular legislation [76]. Said legislation sustains in the
field of Social Sciences the criterion that governs our research “To value the importance of
museums, sites and historical monuments as spaces where teaching and learning take place,
showing an attitude of respect for their environment and culture, appreciating the cultural
heritage” (p. 26) to which it is associated four learning standards [76]. As mentioned above,
the questionnaire has been constructed from the previous literature. Blocks 1 and 2 were
designed based on the possibilities offered by AR in cultural spaces, guided by studies
such as [77], who offer a classification of the application possibilities of immersive reality
systems that helped us to outline the educational possibilities included in the questionnaire.
These include types of modelling in virtual environments, reconstructions, simulations,
content overlay, among others. Likewise, previous studies developed by the research team
based on the analysis of national AR applications [66,71] and the analysis of educational
programmes that integrate AR applications were also taken as a reference [31]. These back-
ground studies initiated the line of research and have served as a reference to determine
the study blocks. Block 3 responds to studies developed in other contexts and countries
such as Korea [78], where examples of AR applied to cultural heritage have been tested by
analysing some variables such as usability (understanding or learning), usefulness (use,
quality, speed) and satisfaction (design and interface). Interaction interfaces have also been
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analysed in other studies already cited [77]. The aim of the latter lies in the development
of new cultural content for sectors such as education, industry or tourism. All of them
differ from the present research either because of the sample studied or because of the
context or the objective of their proposal, however, they have served as a substrate for the
conceptualisation of the present questionnaire. Following this review of the literature, a
battery of questions was drawn up and discussed with the rest of the experts on the team
to select those that responded most accurately to the research objectives, responding to
the categories of sufficiency, clarity, coherence and relevance proposed by [79], reducing
those that were repetitive and eliminating those that gave rise to ambiguity, and a pilot
test was carried out. Finally, the IBM SPSS Statistics 26 statistical package was used for
validation, and reliability analysis was applied using Cronbach’s alpha, as it is one of the
most appropriate statistics for obtaining reliability with Likert-type instruments [80]. The
29-item questionnaire, on a Likert-type response scale in incremental levels where 1 is “not
at all” or “never” and 5 is “very much” or “always”, obtained a high reliability coefficient
of 0.87 for all 29 items, both in the full sample (0.87) and in each of the two subgroups of
teachers (0.87 -in training- and 0.88 -in service-). After studying each block/dimension
separately, it was found that this high degree of reliability was maintained in Teaching and
Usability, in both groups indistinctly. Only in the 3rd dimension, Functions, a lower but
acceptable reliability (>0.60) was found. It was found that eliminating this block or some of
the items whose homogeneity index was somewhat lower did not improve the reliability of
the total set, which is in itself high. Therefore, the values achieved allow us to indicate an
adequate reliability coefficient, both overall and in the different dimensions that constitute
it [80,81].

Table 2. Questionnaire items and Likert-type scale applied in each group.

Scale Item

A. Indicate from 1 to 5 whether the following ideas
would help learning or not where 1 is ‘would not

help at all’ and 5 is ‘would help a lot’
(Corresponds to learning content and goals)

A.1 Having a complete reconstruction of the piece because it is very destroyed
A.2 Having a cartoon character explain the work of art
A.3 Having a museum staff member explain the work of art as if they were a personal guide
A.4 Seeing a complete reconstruction of the place even though I already know what it is (for
example, I know I am looking at a palace)
A.5 Having an actor in costume explain the work of art/place, etc.
A.6 Seeing an interpretation of the drawings of a pot, for example (or a sculpture, painting,
etc.)
A.7 Representing useful data that help me understand what I am seeing
A.8 Seeing what colour it was or how the colours or shape of the piece I am looking at
evolved
A.9 Recreating the setting the piece might have been in (grave goods, a room, etc.) and
understanding its context better
A.10 Seeing characters using the piece or the place and understanding what it was for or how
it was used (a tool, a place, etc.)
A.11 Seeing a moving painting
A.12 Seeing a reconstruction of the colours of a wall or painting
A.13 Finding out who the characters are in the image (a painting, sculpture, etc.)

B. Which features do you or would you rate more
highly in an app to use in a museum where 1 is
‘not at all important’ and 5 is ‘very important’

(concerns design and application)

B.14 Does not use up much of the electronic device’s battery
B.15 Does not use much of my data
B.16 Can be active in the background so I can use the device to take photos, listen to music,
send messages, etc.
B.17 Does not take up much memory in my electronic device
B.18 Easy to use, the more intuitive the better
B.19 Allows me to take original photos and add figures or characters, for example, and share
them on social media
B.20 Offers me itineraries in a more appealing and visual way
B.21 Allows me to discover the most interesting places or most representative monuments in
a more original way
B.22 Will also work as an audio guide or map, for example, if I do not want to activate the
augmented reality
B.23 Does not require constant updates
B.24 Allows users to add new information to make it more interesting and complete

C. Imagine you can use augmented reality in a
museum. Indicate your priority for the following

functions where 1 is ‘no priority’ and 5 is ‘top
priority’ (concerns the purpose of the application)

C.25 As an advertising ploy (take a selfie with one of our characters)
C.26 As a guide to understand a work of art or heritage asset
C.27 Seeing the reconstruction of a heritage asset that has deteriorated or of which only
traces remain
C.28 Seeing an animation that enables me to understand how the piece was used or what it
was for
C.29 Seeing a painting or a sculpture with a small animation (a nod of the head, a handclasp,
a spear going through the air, etc.)
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4. Results
4.1. Teachers’ Awareness of and Experience with AR

First, we present the responses obtained on awareness and implementation of AR in
their teaching. Initially, we asked whether they were aware of this resource and a significant
part of the sample said they were not familiar with the concept of AR (15.3%) or did not
know how to explain it (28.2%). Furthermore, there was an option to reliably demonstrate
if they knew how to differentiate it from VR by providing two definition options, one on
AR and another on VR, resulting in 23.9% of the sample giving an erroneous response (see
Table 3).

We also contrasted the differences between the groups of trainee and in-service teach-
ers, finding a statistical significance with p < 0.05 (Table 3), which is mainly due to the
fact that: (a) there are more participants who do not know how to explain what AR is in
the group of trainee teachers: 32.4% vs. 21.4%; while (b) among active teachers, there is a
higher rate of correct answers (42.0% vs. 26.9%) and at the same time a lower rate of wrong
answers (20.6% vs. 25.9%).

Table 3. Responses on the sample’s awareness of the AR concept.

Question 1: Do You Know What Augmented Reality Is?
Percentage (Frequency)

Total Sample
(n = 347)

Teachers in Training
(n = 216)

Teachers
(n = 131)

A. No, this is the first time I have heard of it 15.3% (53) 14.8% (32) 16.0% (21)
B. Yes, I have heard of it, but I do not know how to explain it 28.2% (98) 32.4% (70) 21.4% (28)
C. Yes, this is when we see a completely different reality using
an electronic device and we can even immerse ourselves in it
using goggles, for example

23.9% (83) 25.9% (56) 20.6% (27)

D. Yes, this is when we see virtual elements using an electronic
device in the physical world 32.6% (113) 26.9% (58) 42.0% (55)

Test Chi-square: Value Chi2 = 10.29; 3 gl; p-value = 0.016.

Only 32.4% of the sample gave the correct answer compared to 67.6% who heard of
the term for the first time, had heard of it but did not know how to explain it or confused
AR and VR. Therefore, lack of knowledge about this resource is quite pronounced, so it is
unlikely to be implemented soon if there is no prior awareness or experience. The teachers
demonstrate more awareness (42.0%) compared with the teachers in training (26.9%),
contrary to the starting hypothesis based on their familiarity with these technologies.

Next, as contextualisation for respondents that did not know the technology, the
questionnaire contained a short definition and visual examples (see Figures 2 and 3).

Figure 2. Example I of augmented reality. A visitor using de app ‘Museo Carlos V’ in Spain (left). An
image of the app ‘Cisneros Go’ in Spain (right). Reprinted or adopted with permission from Museo
Carlos V and Cisneros GO (2021). Copyright Year 2021 Copyright [21].
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Figure 3. Example II of augmented reality. Visitors using de app ‘La Alhambra. Castillo Rojo’ (left) and (right). Reprinted
or adopted with permission from Alhambra on line (2021). Copyright Year 2021 Copyright [21].

Practising teachers were also asked whether they had used AR as a resource in their
classes (see Table 4), which enabled us to observe that its implementation is still at an early
stage. Only 11.5% had practical experience with AR as a teaching resource and 9.2% in the
classroom; however, three out of every four of the teachers surveyed (76.9%) are interested
in introducing AR, but they state they do not have the resources or equipment.

Table 4. Responses on the educational implementation of AR in teaching.

Question 2: Have You Introduced Augmented Reality in Your Classes? Percentage (Frequency)

Yes, I have done an activity in the classroom 9.2% (123)
Yes, we have had a session with an expert who brought the necessary equipment 1.5% (2)

Yes, we use it on cultural trips to a museum/archaeological site 0.8% (1)
No, I would like to, but I do not have the necessary equipment 76.9% (100)

No, I could have, but I do not think it is useful or it involved more problems than advantages 11.5% (15)

Total 100% (130)

After these questions, the three main blocks of analysis are started by means of
inferential contrast tests between groups for the 29 items of the questionnaire, which will
be broken down by each of the blocks.

4.2. The Use of AR as an Educational Tool: The Highest Rated Resources to Achieve Learning

Firstly, through comparison, the study focused on discovering which teaching re-
sources both subsamples rated more highly to help their students learn. As described
above, the questionnaire used a Likert-type scale where 1 is ‘nothing’ and 5 is ‘a lot’. Using
their educational criteria and a level scale, the sample participants rated 13 items accompa-
nied by images as examples showing a range of educational strategies previously extracted
from the prior literature (see Table 5).

As the results in the table reveal, all the ratings for the suggestions in the questionnaire
obtained very positive scores, since all the means were above 3. However, since this study
aims to show priorities for using AR in teaching, the most significant items have been
highlighted based on the rating given. These include the use of AR in reconstructions of
both materials (item A.1) and historical places (item A.4) and recreating the setting for the
piece at archaeological sites (item A.9). In all the items mentioned, the strategy gives clues
to understand and visualise them completely; they are not based on mere motivation as
items rated less highly are, corresponding to accompanying visits with guides, avatars
and characters. Therefore, the teaching strategy based on AR rated most highly by the
teachers to promote knowledge, interpretation and awareness of heritage focuses on its
potential to recreate the asset’s original appearance and context or setting. This facilitates
understanding as it is experienced more comprehensively with the original condition and
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setting superimposed on the preserved element without students needing prior knowledge
or complex abstraction abilities.

Table 5. Mean of the subsamples’ responses based on the ‘teaching strategies’ variable.

ITEM/Content
Mean (Standard Deviation) Mann–Whitney Test

Teachers in
Training (n = 216)

Teachers
(n = 131) Value p-Value

A.1 Complete reconstruction of the piece because it is very destroyed 4.74 (0.58) 4.87 (0.45) −2.83 ** 0.005
A.2 Having a cartoon character explain the work of art or place 3.14 (1.17) 3.00 (1.19) 1.03 N.S. 0.303
A.3 Physical guide of the digitised museum accompanying visitors and
explaining the pieces 3.90 (1.04) 4.06 (1.09) −1.78 † 0.074

A.4 Complete reconstruction of a place because there are remain 4.66 (0.61) 4.71 (0.63) −1.28 N.S. 0.198
A.5 Having an actor in costume explain the work of art/place, etc. 3.71 (1.11) 3.63 (1.15) 0.59 N.S. 0.552
A.6 Interpretation and animation of the drawings of a pot, for ex-ample
(or a sculpture, painting, etc.) 3.82 (1.05) 3.95 (1.18) −1.66 † 0.098

A.7 Superimposed representation of useful data that help to under-stand
or interpret the piece or place 4.45 (0.72) 4.53 (0.76) −1.49 N.S. 0.136

A.8 Visualisation of the original condition and development or
deterioration of the piece 4.28 (0.82) 4.49 (0.74) −2.45 * 0.014

A.9 Recreating the setting the piece might have been in (grave goods, a
room, etc.) and understanding its context better 4.51 (0.72) 4.73 (0.57) −3.05 ** 0.002

A.10 Recreating characters, function, use and/or handling of tools or
places to understand what they were for or how they were used 4.48 (0.74) 4.65 (0.61) −2.13 * 0.033

A.11 Immersive animation of a moving structure 3.61 (1.16) 3.47 (1.44) 0.52 N.S. 0.603
A.12 Reconstruction of the colours of a wall or painting (pigmentation) 4.33 (0.82) 4.49 (0.84) −2.30 * 0.021
A.13 Audiovisual animation describing characters or elements of a work
of art (it can be a painting, a sculpture, etc.) 4.38 (0.84) 4.62 (0.72) −3.17 ** 0.002

N.S. = NOT significant † = Nearly significant * = Significant ** = Highly significant.

The responses of both groups were noticeably unanimous, although the scores were
slightly lower on AR’s usefulness to provide new data that help to understand the work of
art or the place, as well as its use to see how a character uses the piece, or to learn what the
pigmentation was or the decorative development of archaeological remains (items A.8 and
A.12).

Regarding the inferential contrast test, highly significant differences were found, with
p < 0.01, in the variables of items A.1, A.9 and A.13, as well as significant differences with
p < 0.05 in items: A.8, A.10 and A.12. In all these cases, the significance is due to the fact
that the participants in the teachers’ group present a higher mean value, i.e., they value
the use of the strategies indicated in these items more highly. We could also speak of a
quasi-significance (p < 0.10) in the same sense, in the differences that exist in items A.3 and
A.6. In the rest of the items, the differences do not reach statistical significance or come
close to it (p > 0.10).

Furthermore, both groups were asked a question about the more humanised side of
the museum using a mediating agent. Based on this premise, the participants were offered
four guide options to accompany them on the route, explain the works of art, their context
and other possibilities (see Table 6).

As we can observe, both the teachers and the teachers in training chose a museum staff
member to explain the work of art as their preferred option (52.8% and 61.1%), while the
second favourite option was an actor in costume explaining the work (30.6% and 25.2%).
Lastly, the ‘They would not add anything to the experience’ option was the least selected
by both groups (5.1% and 6.1%), so there is a positive trend towards use of AR to increase
knowledge and as a guide for the route using museum staff as guides, whether in costume
or not. In our opinion, specialised museum staff represent scientific precision and that
is why they are the most highly rated option. Actors in costume also have a relevant
educational potential as they spontaneously introduce students to aspects of daily life in a
specific age simply through their clothing if this is recreated with historical accuracy.

In this case, when applying the contrast test between the subsamples, no statistically
significant differences were found (p > 0.05) in the preferences expressed.
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Table 6. Mean subsample responses on preference in virtual mediation of heritage.

Question 3: If You Could Use AR to Learn More about a
Museum Piece, Which of These Options Would You Prefer?

Percentage (Frequency)

Total Sample
(n = 347)

Teachers in Training
(n = 216)

Teachers
(n = 131)

A. An actor in costume should explain the work of art to me 28.5% (99) 30.6% (66) 25.2% (33)
B. A museum staff member should explain the work of art to me as
if they were my personal guide 55.9% (194) 52.8% (114) 61.1% (80)

C. A cartoon character should explain the work of art to me 10.1% (35) 11.6% (25) 7.6% (10)
D. They would not add anything to the experience; I prefer the
audio guide or to read the labels 5.5% (19) 5.1% (11) 6.1% (8)

Test Chi-square: Value Chi2 = 3.23; 3 gl; p-value = 0.357.

4.3. Preferred Function of the AR App in a Museum or Heritage Space

Lastly, a third block enables us to identify the overriding function teachers give to
implementing AR in a museum or a heritage space (see Table 7). Within this variable, we
have proposed advertising and tourist attraction initiatives—interactions with AR elements
and Web 2.0 dissemination—(C.25), entertainment initiatives such as moving GIFs (C.29),
and purely educational initiatives (C.26, C.27 and C.28). The function seen as prominent
will largely have determined the type of resource considered most useful if the responses
are homogenous.

Table 7. Mean of responses of the subsamples based on the variable: ‘Desirable function in using AR in a cultural setting’.

ITEM/Content

Mean (Standard Deviation) Mann–Whitney Test

Teachers in Training
(n = 216)

Teachers
(n = 131) Value p-Value

C.25 As an advertising ploy (take a selfie with one of our
characters) 2.94 (1.13) 2.30 (1.30) 4.80 ** 0.000

C.26 As a guide to understand a work of art or heritage
asset 3.96 (1.00) 3.92 (1.05) 0.22 N.S. 0.822

C.27 Seeing the reconstruction of a heritage asset that has
deteriorated or of which only traces remain 4.48 (0.81) 4.34 (1.02) 0.70 N.S. 0.486

C.28 Seeing an animation that enables me to understand
how the piece was used or what it was for 4.32 (0.85) 4.17 (1.02) 1.02 N.S. 0.308

C.29 Seeing a painting or a sculpture with a small GIF. 3.06 (123) 2.68 (1.34) 2.67 ** 0.007
N.S. = NOT significant ** = Highly significant.

As we can observe from the responses obtained, items C.27 and C.28, stand out.
These items focus on reconstruction and animation using AR for an educational purpose,
to reconstruct a heritage element and to visualise how it was used or its function; both
opinions have achieving learning as their aim. The purpose of applying AR for teachers
seems clear: superimposed reconstruction of the heritage item in its context to understand
the heritage.

In the contrast between the groups, highly significant differences were found for items:
C.25 (p < 0.001) and C.29 (p < 0.01). In both, it is the teachers in training who score higher
and therefore agree more with the statement of the items. In the rest of the items, no
differences were found that reached statistical significance or were close to it (p > 0.10).

4.4. Technical Features and Specifications Teachers Rate Most Highly

Secondly, to understand the technical requirements or features the teachers rate most
highly when implementing an app in the classroom, a museum or a cultural setting, we
use factors such as usability, functionality, interaction, accessibility or learning ability [82]
(see Table 8). This set of questions, comprising 11 items, concerns technical aspects such as
battery consumption or updates (items B.14, B.15, B.16 and B.17), usability (items B.18 and
B.23) and educational and entertainment capacity (items B.19, B.20, B.21 and B.22).
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Table 8. Mean of responses of the subsamples based on the variable: ‘most highly rated features in implementing AR in a
cultural setting’.

ITEM/Content

Mean (Standard Deviation) Mann–Whitney Test

Teachers in Training
(n = 216)

Teachers
(n = 131) Value p-Value

B.14 Reduced battery consumption 3.98 (1.11) 3.50 (1.41) 2.92 ** 0.004
B.15 Reduced data consumption 4.13 (1.01) 3.80 (1.29) 1.99 * 0.046
B.16 The app can be active in the background to use the
device for other purposes: photos, music, messages, etc. 3.87 (1.08) 3.59 (1.28) 1.81 † 0.071

B.17 Does not take up much of the device’s memory 4.09 (0.97) 3.92 (1.18) 0.82 N.S. 0.411
B.18 Intuitive and easy to use 4.37 (0.82) 4.47 (0.86) −1.62 N.S. 0.105
B.19 Allows me to take original photos and add figures or
characters and share them on social media 3.42 (1.26) 3.20 (1.32) 1.49 N.S. 0.136

B.20 Offers itineraries in a more appealing and visual way 4.06 (0.90) 4.11 (0.97) −0.83 N.S. 0.406
B.21 Allows me to discover the most interesting places or
most representative monuments in a more innovative and
dynamic way

4.32 (0.79) 4.23 (0.96) 0.40 N.S. 0.691

B.22 Will also work as an audio guide or map if I do not
want to activate the augmented reality 4.21 (0.91) 4.27 (1.00) −1.12 N.S. 0.262

B.23 Does not require constant updates 3.94 (1.11) 3.98 (1.14) −0.20 N.S. 0.845
B.24 Allows users to add new information to make it more
interesting and complete 3.68 (1.04) 3.69 (1.11) −0.23 N.S. 0.815

N.S. = NOT significant † = Nearly significant * = Significant ** = Highly significant.

In this questionnaire section, we wanted to highlight scores above 4 since, on this
occasion, the responses were less unanimous and, as a result, the means were lower than
in the previous block. Since this disparity in the responses is shown in the deviation, we
believe it is due to the sample subjects’ differing perceptions on the use of their mobiles or
tablets. This difference is also seen in the subsamples where the youngest or teachers in
training place more importance on consuming data, memory or battery than the practising
teachers do.

Lastly, we also wanted to know whether they would like that the use of ICTs at a
cultural location became an opportunity for a co-creation process of content with other
students (B.24) [83]; however, this was not one of the features more highly rated by
the teachers.

The respondents gave the highest priority to the app being as easy to use and as intu-
itive as possible (B.18), no doubt a consequence of the need for simplicity and immediacy
in using ICTs. High scores were also obtained in items referring to innovative learning
as they appreciated the app offering content in a more appealing and visual way (B.20
and B.21). Lastly, both groups gave a very positive rating to the app not only being used
for AR but also as an audio guide or a map (B.22) and they indicated a preference for a
multifunctional app.

When contrasting the mean values of both groups with each other, it was found that
significance only appears in two items: B.14 (p < 0.01) and B.15 (p < 0.05), being in both
the mean of the participants of the group of teachers in training higher than that of the
active teachers. We could also speak of a quasi-significance (p < 0.10) in item B.16, with the
same sense as the previous ones. In the rest of the items, no significance was found, nor a
tendency towards it (p > 0.10).

4.5. Differences between Participants According to Their Responses in Relation to Their AR Knowledge

After analysis by blocks and groups of teaching staff, particularly significant results
were found in the following areas:

(a) Educational strategies receive higher average values from practising teachers for
those items that provide the student with reconstructions, recreations of the heritage
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environment or context, audiovisual animations describing pieces or characters, visuali-
sations of the original state, recreations of characters or functions and pigmentations.

(b) The functions on the advertising claim and the creation of gifts with the pieces
presenting high values by the teachers in training.

(c) The technical features concerning low battery and data consumption, which have
again been highlighted by the high average of trainee teachers.

These three perceptions lead us to interpret that active teachers have a much greater
awareness of their practice and are looking for students to achieve greater knowledge and
understanding, wanting AR apps to provide a greater educational use of the experience,
while trainee teachers (most likely by generation) are looking for better technical features
in apps based on their experience—remember that a large part of their time is spent using
apps and social networks, and whose advertising or animated gifts functions are far from
an educational function. These differences do not preclude educational search but do
manifest higher levels in these functions and characteristics that are not as relevant for
in-service teachers.

In a second analysis, the total sample was separated into (a) those teachers who said
they had no knowledge—subjects who answered “No, this is the first time I have heard of
it” or “Yes, I have heard of it, but I do not know how to explain it”—and (b) those who
answered that they did know about it, including those who confused VR with AR—it was
considered that the former cannot have any knowledge or experience with AR, while the
latter do have it (at least partially).

The first group consists of n = 151 participants, the second of n = 196 remaining (56.5%).
Among the n = 151 with no manifest knowledge: n = 49 are teachers and n = 102 are
teachers in training. Among the n = 196 with knowledge (right or wrong): n = 82 teachers
and n = 114 teachers in training.

With this variable as a possible explanatory factor, the items of the three blocks of the
questionnaire were contrasted (results in Tables 9–11).

Table 9. Comparison of the means of the responses according to the knowledge of AR of the items in the block: ‘teaching
strategies’.

ITEM/Content
Mean (Standard Deviation) Mann–Whitney Test

YES Knowledge
(n = 196)

NO Knowledge
(n = 151) Value p-Value

A.1 Complete reconstruction of the piece because it is very destroyed 4.86 (0.43) 4.70 (0.65) 3.10 ** 0.002
A.2 Having a cartoon character explain the work of art or place 2.99 (1.15) 3.22 (1.22) −1.91 † 0.056
A.3 Physical guide of the digitised museum accompanying visitors and
explaining the pieces 3.90 (1.08) 4.03 (1.03) −1.11 N.S. 0.266

A.4 Complete reconstruction of a place because there are remain 4.71 (0.61) 4.63 (0.63) 1.80 † 0.071
A.5 Having an actor in costume explain the work of art/place, etc. 3.77 (1.04) 3.58 (1.22) 1.26 N.S. 0.206
A.6 Interpretation and animation of the drawings of a pot, for ex-ample
(or a sculpture, painting, etc.) 3.87 (1.13) 3.88 (1.05) −0.13 N.S. 0.896

A.7 Superimposed representation of useful data that help to under-stand
or interpret the piece or place 4.52 (0.71) 4.44 (0.77) 0.97 N.S. 0.331

A.8 Visualisation of the original condition and development or
deterioration of the piece 4.42 (0.79) 4.28 (0.79) 1.98 * 0.048

A.9 Recreating the setting the piece might have been in (grave goods, a
room, etc.) and understanding its context better 4.72 (0.60) 4.44 (0.74) 4.14 ** 0.000

A.10 Recreating characters, function, use and/or handling of tools or
places to understand what they were for or how they were used 4.57 (0.70) 4.51 (0.69) 1.05 N.S. 0.296

A.11 Immersive animation of a moving structure 3.41 (1.27) 3.74 (1.26) −2.58 ** 0.010
A.12 Reconstruction of the colours of a wall or painting (pigmentation) 4.42 (0.83) 4.35 (0.83) 0.95 N.S. 0.340
A.13 Audiovisual animation describing characters or elements of a work
of art (it can be a painting, a sculpture, etc.) 4.46 (0.81) 4.48 (0.79) −0.35 N.S. 0.728

N.S. = NOT significant † = Nearly significant * = Significant ** = Highly significant.
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Table 10. Comparison of the means of the responses according to the knowledge about AR of the items in the block:
‘Desirable function in using AR in a cultural setting’.

ITEM/Content
Mean (Standard Deviation) Mann–Whitney Test

YES Knowledge
(n = 196)

NO Knowledge
(n = 151) Value p-Value

C.25 As an advertising ploy (take a selfie with one of our characters) 2.63 (1.23) 2.78 (1.24) −1.02 N.S. 0.306
C.26 As a guide to understand a work of art or heritage asset 4.02 (1.03) 3.86 (1.01) 1.65 † 0.098
C.27 Seeing the reconstruction of a heritage asset that has deteriorated or
of which only traces remain 4.63 (0.77) 4.17 (0.98) 5.23 ** 0.000

C.28 Seeing an animation that enables me to understand how the piece
was used or what it was for 4.39 (0.87) 4.10 (0.96) 3.02 ** 0.002

C.29 Seeing a painting or a sculpture with a small GIF. 2.83 (1.36) 3.03 (1.17) −1.58 N.S. 0.115
N.S. = NOT significant † = Nearly significant ** = Highly significant.

Table 11. Comparison of the means of the answers according to the knowledge about AR of the items of the block: ‘most
highly rated features in implementing AR in a cultural setting’.

ITEM/Content
Mean (Standard Deviation) Mann–Whitney Test

YES Knowledge
(n = 196)

NO Knowledge
(n = 151) Value p-Value

B.14 Reduced battery consumption 3.83 (1.23) 3.77 (1.28) 0.33 N.S. 0.740
B.15 Reduced data consumption 4.07 (1.13) 3.92 (1.14) 1.41 N.S. 0.158
B.16 The app can be active in the background to use the device for other
purposes: photos, music, messages, etc. 3.91 (1.16) 3.57 (1.15) 2.95 ** 0.003

B.17 Does not take up much of the device’s memory 4.07 (1.08) 3.96 (1.03) 1.33 N.S. 0.183
B.18 Intuitive and easy to use 4.47 (0.78) 4.33 (0.90) 1.31 N.S. 0.189
B.19 Allows me to take original photos and add figures or characters and
share them on social media 3.34 (1.33) 3.33 (1.22) 0.23 N.S. 0.816

B.20 Offers itineraries in a more appealing and visual way 4.09 (0.88) 4.06 (0.99) 0.05 N.S. 0.959
B.21 Allows me to discover the most interesting places or most
representative monuments in a more innovative and dynamic way 4.31 (0.88) 4.25 (0.84) 0.94 N.S. 0.348

B.22 Will also work as an audio guide or map if I do not want to activate
the augmented reality 4.32 (0.87) 4.11 (1.02) 1.88 † 0.061

B.23 Does not require constant updates 4.01 (1.15) 3.93 (1.09) 0.97 N.S. 0.332
B.24 Allows users to add new information to make it more interesting and
complete 3.68 (1.08) 3.70 (1.05) −0.01 N.S. 0.993

N.S. = NOT significant † = Nearly significant ** = Highly significant.

As can be seen in Table 9, there is a very significant difference (p < 0.01) in items A1
and A9:A1 and A9, where participants with knowledge score higher than those without
experience (knowledge), and, in the same sense, significance in item A8 (p < 0.05). In
the opposite direction, i.e., higher scores for those with no knowledge of AR, there is
significance (p = 0.01) in item A11. Finally, we can speak of a tendency towards significance
(p < 0.10) in items A2 and A4, each in one direction.

Regarding the comparison of the desirable function of AR applications (see Table 10),
the results of the analysis show a high significance in items C27 (p < 0.001) and C28 (p < 0.01),
in which participants who do have some knowledge score higher. A quasi-significance
(p < 0.10) can be reported for item C26, in the same sense as the previous items.

Finally, the inferential contrast test is applied to the technical characteristics block (see
Table 11). In the latter, there is less variability, with significance only appearing in item
B16 (p < 0.01) in which subjects with knowledge of AR score higher than those without.
Likewise, we can speak of a quasi-significance (p < 0.10) in item B22, the difference observed
being in the same direction as the previous one.

These results show that teachers with previous knowledge of AR, who are aware
of the educational potential of this technology, are more demanding with regard to its
application in educational processes, demanding quality reconstructions, recreations and
original or evolutionary visualisations for heritage assets, as well as other parallel functions
such as audio guides or explanatory maps; on the other hand, those teachers who do not
have knowledge and/or experience in AR focus, above all, on the most superficial part of
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this type of technology: the visual and attractive component, such as cartoons explaining
the works or immersive processes with moving works.

5. Discussion

Recent studies support the use of AR as a tool to attain significant learning in muse-
ums [84], highlighting its motivation capacity in an interactive learning context [30]. Many
museum installations use AR and apps for contextualised learning of heritage [49,71,85,86].

However, the integration of AR in formal educational contexts is proving slow and
varies widely, at least in Spain, for several reasons: a legal framework limiting the use
of mobile and personal devices in the classroom [87]; the existing digital divide [88]; and
the lack of resources and training for teachers [66,89] that some international studies have
already exposed [90–93]. In this sense, as we can see from our study, there is still a large
proportion of teachers (almost half of our total sample—67.4%) who do not know what
augmented reality really is or confuses it with VR—which can also be extrapolated to the
world population, as other studies indicate [94–96] — making it impossible to integrate
it into the classroom as a resource for mediated heritage reading. Other countries have
already considered these limitations and propose their own spaces for learning to use
AR without the need for specific training in programming [97], such as apps used in
museums and heritage spaces, which is why we believe this is one of the methods that can
be integrated more easily into the educational context.

5.1. Teachers’ Knowledge of AR: Essential Training for Its Implementation

Focusing on the Spanish context, we tried to locate, in an initial state, educational
proposals that implemented AR in educational centres in order to learn about teaching
practices, and what we found were user satisfaction studies from museum institutions,
which still demonstrated the isolated nature of its implementation in formal education.
Currently, although heritage education is a well-established discipline, it continues to have
training needs among teachers, both in training and active [98,99], so implementing AR is a
double effort that requires deepening not only in teaching skills in heritage education, but
also in digital environments as a learning tool [1,100]. Several authors nationally and inter-
nationally are asking about the competences required for heritage professionals, emerging
roles and digital competences [100–103]. This brings us directly to the first question.

This course of action suitably corresponds to the usability features highlighted by
the sample users in point 3.4 and provides a response to the first of our questions (Q1),
demonstrating that teachers rate AR as a beneficial tool for learning but do not have the
resources to implement it (76.9%). It is also a first contact, from a comfort zone, for those
that so far do not know or have not experienced AR as an educational resource (15.3%) or
state that they do not think it is useful or see more problems than advantages (11.5%).

In an overall analysis of the data, we cannot ignore that all the educational items on the
use of AR included in this questionnaire have been rated with a mean above three points,
mostly closer to four points or higher, which infers a great deal of interest in applying AR
in formal teaching and confidence in its educational possibilities.

In Spain, there are several studies that have asked future teachers about their training
in heritage education and only 20% of the participants indicated having had adequate
training [100], which is a worrying figure for facing the new demands, challenges and
challenges of the 21st century [104,105]. In line with this low figure, this study showed a
demonstrative knowledge of AR on the part of 32.6% of teachers, which confirms the lack
of updating in their training. This figure also conflicts with the lines of action of the new
frameworks that seek to promote the development of digital competence [41–43].

These innovative tools require dedication on the part of the teacher, a recycling and
updating of knowledge which, in many cases, stems from the autonomous commitment
of teachers and this is something that must be reversed, because if there are new forms,
techniques, contexts, tools or teaching-learning resources and we want society to benefit
from them, there must be a commitment on the part of the institutions to train and bring
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these new possibilities to teachers. If these new technologies remain stagnant in museums,
the interpretation leads us to think about the only return they want to get, the economic
potential that can promote the tourism sector attracted by these applications as a lure,
something already addressed by [31,71]. The latter point out that “cultural tourism has not
been unaffected by the extraordinary development of Industry 4.0, finding in it new tools
and ways of interacting with the visitor, in order to increase and enrich the attractiveness
of heritage sites and increase the market of potential visitors [106]” and, therefore, more
and more tourist sites are incorporating experiences with AR technology.

Throughout the study, numerous research studies have been collected that delve into
the educational possibilities of AR [14,16–19,26–28] and the role of AR among education
professionals in the Spanish context, where heritage education and heritage spaces are of
particular importance [1,31,71].

This study highlights the possibilities and benefits that AR can bring to the under-
standing of heritage, providing learners with a reflective and experiential approach, not
just knowledge. Even more so in this new scenario brought about by the COVID-19 pan-
demic, where virtuality, online spaces and digital archives have been the main driver of
knowledge [107].

5.2. Understanding Heritage, a Key Objective for Teachers: The Most Valued Teaching Strategies
and Functions in AR

Concerning our second aim—corresponding to the educational strategies most highly
rated by teachers (Q2)—they highlighted processes of reconstruction, the superimposed
representation of information for understanding, re-creation and audiovisual animation,
which have already been mentioned in previous studies [24,51,52,108]. These strategies
involve experimentation in real contexts [29] providing a holistic and sensory experience of
learning already outlined in theory [34]. In this triangulation we should also point out that
the results obtained in this first questionnaire block—reconstruction and animation—are
repeated in the third block on the preferred function when implementing AR (Q3); it
is, therefore, demonstrated that the completion of the questionnaire was coherent and
consistent.

In contrast, the lowest rating was given to implementing a cartoon as a guide to
interpret the heritage, an item that was later checked using the adjacent question on
preferences in virtual mediation. Both the teachers and teachers in training prefer human
interaction with either a character in costume or simply a museum guide. The results
obtained confirm the theories of authors such as [109], who discussed the potential of
virtual humans, use of avatars or personifications as accompaniment during visits or to
explain the museum collections as a positive strategy for institutions that meets with the
approval of users. This idea has also been put forward by other authors [110] and is
associated with empathy and emotions. It has been implemented successfully in some
apps offering a range of activities with AR [71]. The rigour of museum employees as
virtual guides [49] or the use of strategies such as storytelling by actors in costumes to
recreate and facilitate understanding of aspects of daily life and of the historical context of
heritage assets [86] could explain the preference of respondents for mediation or human
accompaniment as an extension of the kind of interaction that would take place without
ICTs—instead of using a fictional component (an avatar or a cartoon character).

5.3. Multi-Functionality and Intuitive Use, Main Demands in AR Application

Concerning the third block in the questionnaire, corresponding to an app’s technical
and usability features most highly rated by teachers in implementing AR (Q4), the answers
demonstrate the need for an application to be easy and intuitive—an item included previ-
ously on the limitations of implementing AR in the classroom and the non-availability of
suitable resources—multifunctionality and dynamic and innovative knowledge of places.
Based on the abovementioned arguments, and expanding on the first of them, several
studies state that the technical drawbacks include the fact that software developments are
still too expensive for the budget of most institutions managing local heritage [40] and they
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highlight that the apps are short-lived due to technical updating issues, which makes the
educational potential of these tools hard to critically rate and, consequently, they are barely
known, disseminated or used by teachers [66]. Some studies mentioned that it was hard for
the adult population to use a touchscreen, or difficulties associated with a graphic design
that was not well adapted to mobile devices [111,112]. However, our study focuses on
other kinds of technical specifications such as device autonomy due to battery consumption
or data use. Nevertheless, both subsamples prioritise ease of use and multifunctionality
over other technical aspects.

The data on the second factor, multifunctionality, give us clues about demand and
expectations concerning AR resources. Any institution wishing to design a heritage educa-
tion experience supported by VR, AR or mixed reality (X reality) must consider factors such
as usability or multifunctionality when developing the app and offer partial and complete
reconstructions of the pieces and their contexts to achieve significant learning. Examples of
good practices in this regard are becoming increasingly more frequent and can serve as a
guide for other applications [59,61,71].

Lastly, the third factor—innovation and dynamism to discover places—emphasises
the importance of promoting original interaction experiences between the user and the
space, with processes and suggestions adapted to every scenario [113] and educational
change [105], offering different types of learning [12,13,22] and creating these abovemen-
tioned new immersive, engaging and novel learning ecosystems [30]. Heritage cannot be
extrapolated from a physical plane to a virtual one and still be rooted in a positivist and
academic vision. As part of this innovation, some authors say that using AR in a series of
gamified activities can be easy to apply, stimulating and productive for visitors to achieve
significant learning [47,50], provided the app is adapted to visitors’ ages, for example by
offering several levels of difficulty applied to every piece [60].

The most prominent differences in the responses occurred in this variable, which
leads us directly to the last question: discovering whether there are significant differences
between the subsamples (Q5).

5.4. Understanding Heritage, a Key Objective for Teachers: The Most Valued Teaching Strategies
and Functions in AR

To conclude the discussion, we turn to the last of the proposed objectives, to compare
whether there are differences between the sub-samples (Q5). This has been done by
distinguishing between teachers in training and those who are active and, in a second stage,
taking into account the variable of manifest or unmanifest knowledge of AR. In the first
case, the responses obtained were fairly homogeneous if we look at a simple comparison of
averages, so there are no significant differences. This may be due to the fact that, especially
in the case of the teaching staff, we are talking about a teaching body that is aware of and
often trained in the use of ICT in the classroom; however, the in-service teachers show
higher averages in relation to the value they give to educational strategies that respond to
deeper understanding processes such as the complete reconstruction of the heritage, the
recreation of the context or environment of the heritage asset or the audiovisual animation
that describes it, as well as the functions of visualisation of the original or its pigmentation,
which leads to the interpretation of a high desire to facilitate the understanding of heritage
through AR. On the other hand, trainee teachers gave higher ratings than active teachers
to functions such as advertising to attract users or animation through gifts or technical
features related to low battery or data consumption, which can be explained by the fact that
they belong to a generation of digital consumption in which they are immersed, where the
hours of use of mobile devices, apps and social networks is increasingly higher [114,115]
and, as such, they are looking for a type of feature that allows them to be connected more
and more, with more simultaneous functions and low consumption.

In the second variable, the results can be interpreted as a whole, as the sub-sample
with no knowledge shows higher values for simple educational strategies, immersion
in a moving work or an animated drawing that explains the heritage asset, while those
with prior knowledge show higher values for reconstruction, recreation or original or
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evolving visualisation of the heritage asset. From these differences, we can see that those
who have no prior knowledge have no idea of the educational potential of RA, which is
why this training and experimentation is necessary. In this case, their assessments focus
on attractive or motivating visual elements for their students instead of comprehensive
learning strategies. In addition to this, the subsample with some prior knowledge demand
more functions from the apps, such as being able to keep it in the background to have
other applications or functions active and also to serve as an audio guide or explanatory
map, with which they know more reliably what it can offer and propose improvements for
its implementation; something that the study [77] points out to increase the scope of AR
by seeking a greater reach than its potential guarantees through multimodal interfaces or
tangible interaction.

There are no previous studies with which we can discuss the results obtained on
this last point, at least in this particular field between contrasting samples; however, the
differences can be explained by the teaching development itself. There are studies that do
address the transitions from trainee to practising teachers and that help us to weave some
of the interpretations gathered here. According to [116], teachers in the early years undergo
a transformative process from student to teacher that is full of tensions and learning in
unfamiliar contexts, a fundamental stage in which they must acquire knowledge and which,
in today’s much more changing society, some authors [117] define as “adaptive experts”.
This stage is essential in teacher growth, however, it must be provided with the maximum
knowledge and experience in its formative stage, as students’ learning and experiences
will depend on what teachers know and implement [118]. The lack of knowledge leads us
to obtain in the sample that does not know AR a lower motivation in its implementation
and a preference for more basic functions in its application, in addition to the implicit
lack of knowledge of its possibilities. It is also true that not only will experience provide
teachers with greater expertise, but they must also reflect and train continuously, and it is
therefore understandable that in-training teachers show a lower preference for items that
deal with more complex processes in educational terms. Likewise, other factors such as
age influence their choices, as it is sometimes taken for granted that the new generations
are digital natives, and this is not the case [119,120], far from this premise being true, their
knowledge and technological use differ as some studies have already pointed out [121–123].
This is why the results obtained do not emphasise the superior AR knowledge of trainee
teachers compared to practising teachers, but rather that it is parallel and indifferent in both
samples. These findings lead us again and again to conclude that what is truly significant
is the knowledge, which also presents greater demands in its application due to the sample
subjects’ own experimentation with the use of AR.

6. Conclusions

The main aim of this research was to discover the features teachers and teachers in
training want to see in an app offering augmented reality in a cultural setting—museum
or archaeological site—for entertainment and educational purposes with the heritage, in
communion with other studies [77,78,85].

Considering the results obtained, we can conclude that (6):

1. Both the teachers and the teachers in training consider the use of AR a priority
for the synchronous reconstruction of the heritage piece and its context to enhance
experience [13,16,28]. As mentioned above, these are more holistic processes that
favor the understanding of the heritage asset—what it was like, how it has evolved,
what its use, function or operation was—and this preference involves the highest
possible level of exploration of the piece or place, so if the possibility exists, the teacher
will look for the most complete learning process in AR.

2. There is a consensus on using humanised figures to interpret the heritage, for the
apps to have mediation with experts to ensure the information is precise, or images
of actors in costume so the students can form a picture of the age, thus improving
their understanding of the context of the historical moment referred to. Respondents
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moved away from simple animations that guide the visit in favour of a more real
and tangible knowledge of the heritage, not even teachers in training at lower levels
expressed this preference.

3. Ease of use and multifunctionality are the two most appreciated features by both
subsamples when using an app in a museum or at an archaeological site, as well as
the need for it to be compatible with the simultaneous use of the user’s other apps
and low battery consumption. These characteristics are more pronounced in young
people due to the massive use of digital devices and by subjects who have greater
knowledge of AR, precisely because the knowledge of the possibilities of AR makes
their demand on its strategies, functions and characteristics greater.

4. Active teachers are looking for more complete educational strategies that allow them
to understand the heritage in depth, above the superficiality of knowledge and
enjoyment, the result of what experience shapes in the teacher. These show higher
results in favour of more holistic educational procedures.

5. Teachers in training are experiencing a generational change—greater consumption of
mobile devices—which leads to a greater demand for improved technical features,
and where, as they are in a training process, their objective is not only educational
but also to attract publicity. As mentioned in the discussion, this result will change as
teachers grow, because with experience their objectives will become more didactic,
and they will seek a higher educational performance.

6. The participants with prior knowledge express a greater demand for the educational
and technical possibilities of AR, while those without are looking for a more attractive
and animated aspect such as drawings or moving artworks, a more superficial aspect
of the potential of this new technology.

Some unavoidable needs can be extracted from this study, such as the need for training
and educational policies for the incorporation, application and development of virtual
environments for cultural heritage or research into models, interactive designs and virtual
prototypes to promote knowledge of heritage, as already stated [31,94,124]. Future studies
should investigate the perception of active teachers be-fore and after receiving training on
the implementation of AR in the classroom or after using it in a guided tour.

Future studies should address the specific suggestions made by teachers and teachers
in training so they can be implemented in the classroom, in museums and at archaeological
sites. As already mentioned, one of the directions to follow should be creating joint
projects, for designers and educators to pursue the same objective; the teachers must learn
the educational possibilities of AR and the designers the content of the curricula in the
educational stages and learning contexts to foster technical and cognitive accessibility.
However, a first contact should be related to user-level knowledge of AR, since there is
a large part of the sample that does not know what AR really is or confuses it with VR.
Knowledge, therefore, emerges as a first step for the implementation of this resource in
formal education, an aspect already pointed out by other studies [94,124].

In prospective terms, AR research offers a wide range of possibilities, with the short-
and medium-term lines of action being the evaluation of learning from the implementation
of educational practices with AR around heritage and the creation of didactic content
on the design of AR experiences to implement in the classroom and thus provide new
motivating training possibilities for students. In addition, delving into the perception of
museum managers and curators may be of interest to contrast what is sought or valued in
each of the links of formal and non-formal education. Finally, this line must reach the real
implementation, so we are designing applicable experiences that allow us to know these
learnings and assess the real experimentation of AR in educational spaces—applied both
to the classroom and to heritage spaces—, and give voice to teachers, students and other
agents to obtain a holistic view of the proposed research.
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The Implication of AR in Digital Education

To conclude, we must consider the coming economic and cultural context with
the 2030 Agenda and Sustainable Development Objectives [43], as well as the obvi-
ous interest in promoting the use of digital resources and strategies to develop digital
competence [40,103,125]. Both aspects must be considered by private companies and public
institutions supporting the creation of apps to protect and research heritage and the pro-
duction of AR tools that can be used in formal education. The conclusions outlined in this
article must also be addressed. Both the teachers and teachers in training not only adopt
the tools and possibilities ICTs offer as their own, but they also require them to mainly
facilitate contents of both the piece to be analysed and other integral aspects—context,
development, function and usefulness—so the heritage can be understood holistically and
significantly, which may lead to awareness of and commitment to it as the ultimate aim of
the educational process.

Society has witnessed how quickly teachers have adapted to this new scenario, and,
in turn, the polarisation of both society and teachers according to the economic resources
of students and the digital skills developed by teachers, which has differentiated the ed-
ucational experiences of learners, some being enriched in terms of hours and dedication
and others being almost non-existent, thus accentuating the differences in learning levels
that will have their most immediate repercussions in the coming courses [107]. Therefore,
this line deals with a relevant and emerging topic, as it is necessary to update education,
adapt to new needs and develop digital competence [41], the SDGs [43] and the European
Framework for the Digital Competence of Educators [42], for which AR is a key tool in the
knowledge, understanding, experimentation and enjoyment of heritage; the closer we get
to knowledge, the more we value it and care for it, as the sequence of patrimonialisation
rightly points out [126]. This article contributes to making these absences visible by identi-
fying the main objectives to be achieved, the most valued functions to be fulfilled, and, most
importantly, it opens up a latent problem, the absence of a practical scenario that would
allow us to investigate its application in line with the theory that has been developed.
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