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Abstract Heritage is not always visible, particularly in archaeology, where much
of it lies hidden underground. Often, archaeological remains are discovered acci-
dentally and destructively, with governments sometimes overseeing their documen-
tation. However, land surveying is crucial for proper documentation and inter-
pretation. Using non-invasive or non-destructive techniques, as recommended by
UNESCO, archaeologists can document hidden heritage. Geophysical surveys like
ground-penetrating radar (GPR), alongside remote sensing and Geographic Infor-
mation Systems (GIS), allow us to reveal entire buried cities, pipelines, defensive
systems, and burial sites. Specialists and educators must document and share this
historical heritage to ensure society values and preserve it. Teachers play a vital
role in Heritage Education. Natural heritage, such as mines, and cultural heritage,
like archaeological sites, can be used as educational resources in classrooms to
teach History, Art History, and Geography. Incorporating archaeology encourages
students to develop critical and reflective thinking. Current educational legislation
and curriculum in Spain promote ICT tools, making GIS an ideal way to present
hidden heritage through surveys and spatial analysis. By engaging students in archae-
ological research processes, they can explore new sites, solve historical questions,
and develop teamwork and respect for heritage conservation.
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Introduction

Nowadays, new educational systems in Spain increasingly focus on competency-
based learning. This means that students, beyond acquiring knowledge, must know
how to apply it in everyday situations (LOMLOE 2020).

This goal is achieved by changing the classroom methodology, shifting from a
one-way teaching system—where students play a passive role as mere recipients
of the teacher’s knowledge—to a multidirectional learning system, where students
actively participate in their own learning process, and the teacher acts as a guide and
support.

Traditionally, experimental sciences and mathematics have been easier to apply
in practical, everyday classroom situations. However, social sciences, often seen as
more abstract and theoretical, have been relegated to traditional teaching methods,
with lectures that are largely expository and reliant on memorization.

Within the realm of social sciences, we find Geography, History, Art History,
Civic Education, and Heritage Education. These subjects are interconnected and can
be studied in a transdisciplinary way. For example, we cannot study History without
knowing where events took place (Geography), what was created during that period
(Art History), what society was like at the time (Civic Education), and finally, how
all of this can contribute to shaping us as critical and reflective citizens (Heritage
Education).

Observing this, we must find a way to apply this knowledge to practical, everyday
situations in which students can see themselves reflected and become active agents
in their learning process, especially in the context of Heritage Education.

In this regard, Archaeology can be of great use to us. This is the science that
studies past societies through the analysis and study of their material remains and
artifacts (Renfrew and Bahn 1993). Archaeology is not only responsible for studying
human history but also for making history, as the processes of surveying, excavation,
and post-excavation analysis create narratives that reshape our understanding of past
societies.

This inherently practical discipline, in addition to utilizing experimental sciences
and mathematics, is fundamentally rooted in the social sciences (as well as geology).
Therefore, we consider it a potential solution to bring social sciences to students in
a practical and competency-based manner.

Objectives

The main objective of this work is to present a teaching proposal to carry out heritage
education in the classroom in a competency-based and practical way. To achieve this,
we will use archaeology and non-invasive surveying processes to identify possible
underlying remains, invisible to society, and their subsequent interpretation through
Geographic Information Systems (GIS) in the classroom.
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One of the key objectives of Heritage Education is to educate by, for, and through
Heritage. As stated in Article 4 of UNESCO’s “Convention Concerning the Protection
of the World Cultural and Natural Heritage,” (1972) it is recognized that “the duty of
ensuring the identification, protection, conservation, presentation and transmission
to future generations of the cultural and natural heritage...” lies with us. This excerpt
highlights two important concepts:

¢ The identification, protection, and conservation of heritage through non-invasive
and non-destructive documentation techniques.
e The transmission of heritage to future generations through Heritage Education.

Since the origin of the discipline, archaeology has always been linked to exca-
vation activities as the only process for obtaining data about past societies and their
material remains (Mic6 Pérez et al. 1998; Ruiz Zapatero 2013). These are destructive
processes that directly interfere with archaeological remains and their contexts.

Thus, archaeological excavation is an invasive method of obtaining information,
and considering that heritage is limited and not infinite, we must minimize these
activities in favor of non-invasive and non-destructive techniques.

For this reason, we must move beyond the idea that excavation is the only way to
obtain information, as today we have numerous non-invasive techniques dedicated
to the discovery of archaeological sites (Dietz et al. 2011).

Non-invasive archaeology is based on the application of new techniques from
geophysics and remote sensing to detect potential archaeological sites (Faltynova
et al. 2015). These techniques are interpretive, making multidisciplinary work
essential for accurate data interpretation.

These non-destructive techniques are also key to passing heritage on to future
generations. If excavation practices are the only way to obtain data, there will come
a time when we have no heritage left to pass on.

The dissemination and success of non-invasive archaeology is closely tied to
Heritage Education. If society is not aware of its heritage, it will not be possible
to preserve, care for, and transmit it: “The educational perspective on heritage is
essential for it to be known, understood, valued, and transmitted by the society that
receives and inherits it” (Fontal Merillas 2006).

According to the author, education serves as a bridge capable of fostering aware-
ness, promoting appreciation, and enabling the transmission of values, facilitating
mediation between individuals and their heritage-based identities. Through heritage
references, it is possible to enhance reflective knowledge of reality, regardless of
whether the objective is heritage conservation and appreciation (Estepa Jiménez and
Cuenca Lopez 2006).
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Methodology

The proposed methodology to be used in the classroom will be Problem-Based
Learning (PBL), aimed at having students seek a solution using non-invasive
surveying methods and GIS to document archaeological heritage without destroying
it.

The application of this methodology in the classroom will follow the steps
outlined by Eggen and Kauchak (2015). In the first stage, a question will be iden-
tified, presenting the central issue of the project: How can we document heritage
without destroying it? In the second stage, students will generate hypotheses to solve
the problem. Third, information will be gathered on non-destructive techniques in
archaeology. Afterwards, students will evaluate the previously proposed hypotheses
and conduct a practical application with the provided examples. To conclude the fifth
stage, where the results obtained are generalized, and reflection on the process and
evaluation takes place. In Annex, the instructional design of the project can be seen
in more detail.

This methodology has been proposed because, as mentioned earlier, social
sciences have traditionally been associated with passive teaching methods centred
on memorization. PBL is ideal because it focuses on a real problem, organizing
the content and skills students need to learn around it. Learning becomes student-
centred, engaging both cognitive and affective processes to investigate and solve the
problem. Students are asked to take responsibility for identifying learning objec-
tives, planning the collection and processing of information, and reflecting on their
understanding and learning. Collaborative work is essential, as is teacher scaffolding,
whose role is to moderate and guide reasoning processes, information searches, and
the formulation of relevant questions (Marra et al. 2014).

At the disciplinary level, to carry out this proposal, we have used Archaeology,
Geophysics, and GIS to bring Heritage Education into the classroom.

The choice of archaeology as one of the disciplines to be implemented in this
proposal is supported by the multiple empirical benefits it provides to both students
and teachers.

Numerous publications have highlighted the advantages of using archaeological
projects in classrooms, as they help develop educational values (Ayan Vila et al.
2009; Castillo Lozano 2017; Gonzdlez Marcén 2010; Ruiz Zapatero 2010; Vicent
etal. 2015) such as the management of sources, supporting the development of inter-
disciplinary and comprehensive teaching, promoting cooperative learning, instilling
values such as respect and understanding of cultural diversity, and helping educate
about the respect for cultural and natural heritage.

Additionally, as a scientific discipline, archaeology can foster scientific ques-
tioning, dialogue, and critical thinking, contributing to the scientific development of
students (Montoya Martinez and Egea Vivancos 2021; Vicent et al. 2015). In this
way, it allows an approach to scientific research methodology and helps overcome
proposed problems, breaking away from purely memoristic and expository teaching
methods in favor of a more active and meaningful one.
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Finally, at a competency level, archaeology has proven to be a highly useful and
applicable tool in classrooms, from early education to the university level. It involves
multidisciplinary learning, opening up a wide range of competencies (basic, key,
specific, etc.) (Egea and Arias 2013; Henson 2004; Ortiz Nieto-Marquez et al. 2024;
Masriera Esquerra and Santacana i Mestre 2012).

As mentioned earlier, archaeology is a science that combines multiple disciplines
to formulate hypotheses about past societies through the remains found. Therefore,
we will adopt the first step of archaeological methodology in site investigation, which
is surveying.

Archaeological surveying is an active search process for potential signs indicating
the presence of buried remains (such as buildings, roads, necropolises, walls...)
(Ruiz-Zapatero 2004). It can be done aerially, using remote sensing techniques
(Chivueco 1995; Rejas and Burillo 2016), such as aerial photography, or on the
ground, either by walking to search for surface indicators or using geophysical tech-
niques (Goodman and Piro 2013). None of these techniques are destructive, as they
aim to preserve heritage (Malfitana et al. 2015; Sarris et al. 2013).

Aerial photography is a commonly used technique in archaeology to locate new
sites, particularly because it saves time and effort. In this type of survey, differential
growth marks in vegetation are very useful, as plant growth is influenced by the type
of substrate (Rouse et al. 1973). Where there is a stone structure, plant roots cannot
penetrate as deeply, resulting in reduced plant growth above these areas. However, if
negative elements (ditches, pits, trenches...) are present beneath the plants, they will
grow more because they are rooted in a less compact, more nutrient-rich substrate
with higher organic content (Bennett 2012; Webber et al. 2019).

To obtain these images, we use geographic viewers like IBERPIX or Google
Earth, whose timeline tool allows us to observe the same location during different
periods (different phases of plant growth). The use of these ICT tools in the classroom
supports competency-based learning and enables students to handle their own sources
and data (Sebastidn-Lépez and De Miguel-Gonzélez 2017).

On the other hand, for ground surveying, we have turned to Geophysics.
Geophysics, as a discipline that studies the physical properties of the Earth, is
applicable in this proposal as a tool to address the proposed challenge within the
project.

The application of this discipline in classrooms has been successfully tested,
particularly in higher education levels (Boyd and Romig 1997; Stewart et al. 2010).
However, considering its potential, it is highly interesting to explore its integration
into other educational levels.

One of the educational values we can derive from geophysics is that its tech-
niques, applied in archaeological surveys, allow for non-invasive and non-destructive
heritage studies, aligning with one of the project’s objectives (Rivero and Lopez
Benito 2013; Vallés et al. 2023; Bellén Ruiz et al. 2021; Rascén Marqués et al.
2023). This approach ensures the conservation and care of heritage remains for their
transmission to future generations.

Furthermore, it supports the idea of multi-interdisciplinarity in classrooms. To
understand the operation of these technologies and their outcomes in a simplified
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manner, it is necessary to engage with various disciplines, including geology, physics,
geography, mathematics, history, technology, and programming. Although no direct
application has been carried out with primary school students, this proposal presents
it as a challenge and an opportunity to broaden the range of adapted knowledge.

It is important to note that, depending on the educational level at which this
proposal is applied, geophysical techniques may be somewhat complex. Therefore,
we will introduce them by comparing them to something as familiar as certain medical
tests (a common context for students).

A parallel can be drawn with the field of medicine, where techniques are used to
view and interpret the interior of our bodies, such as X-rays or ultrasounds. These
techniques rely on physical properties to create images and models that show bones
or organs. In geology and archaeology, there are similar methods and techniques
used to scan and document underground elements.

These techniques fall within the field of geophysics. Each material is different
and possesses a set of chemical and physical characteristics that make it unique, like
an ID. These characteristics and properties can be measured using high-precision
and high-resolution equipment. Just like X-rays, images of the subsurface can be
obtained, revealing the characteristics of each buried element and its position in
depth, allowing us to know what lies beneath our feet. This is how petroleum, gold
or silver, minerals and rocks, groundwater, archaeological structures, tombs, etc.,
can be located.

There are several data acquisition techniques based on different physical prop-
erties. In archaeology, methods are used that cover large areas in a short time and
offer high resolution, allowing us to detect small objects (Goodman and Piro 2013).
For these reasons, the most commonly used techniques are ground-penetrating radar
(GPR), geomagnetism, and electromagnetism.

In our case, we will use GPR. It emits an electromagnetic pulse, a wave that
penetrates the ground and receives the reflection or echo of the elements it encounters,
producing graphics that show these reflections (Goodman et al. 2011; Zhao et al.
2013). This technique is widely used in non-invasive archaeological surveys because
it is non-destructive, provides high-quality data (including depths of the remains),
and is cost-effective.

Over the past few years, an increase in surveys using non-invasive techniques and
their successful results can be documented (Bellén Ruiz et al. 2021; Colmenarejo
Garcia et al. 2023; Conyers 2015; Neubauer et al. 2002; Leucci et al. 2016; Piro and
Campana 2012; Zhao et al. 2015, 2018).

Once the terrain has been analyzed and the results processed, they are visualized
with Geographic Information Systems (GIS). Burrough and McDonnell (1998)
defined GIS in 1998 as “a powerful set of tools for collecting, storing, retrieving,
transforming, and displaying geospatial data from the real world for a set.” However,
most authors characterize GIS by its ability to model territory, its integrative potential
for heterogeneous information sources, and its spatial analysis dimension, as well
as the capability to perform geoprocessing operations based on the topological rela-
tionships of objects and the ability to generate new information and explain existing
data (Gonzélez et al. 2012).
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The software chosen and used for this educational proposal is ESRI’s ArcGIS,
specifically ArcMap 10.8.1 and ArcScene 10.8.1. There is a wide variety of programs
available, including free options such as QGIS, GRASS, and gvSIG. However,
ArcGIS was selected because the university centre has a license, allowing us to
work online with schools through ArcGIS Online.

Geographic Information Systems (GIS) are an educational tool with high poten-
tial for primary and secondary classrooms due to their ability to integrate multiple
disciplines and foster active learning.

In primary education, GIS allows students to work with basic spatial concepts,
promoting an understanding of their surroundings and the development of orientation
and spatial analysis skills (Alibrandi and Goldstein 2015; Baker 2005).

In secondary education, their application expands to the analysis of complex
geographic data, enabling students to explore topics such as climate change, natural
resource distribution, or demographics, connecting geography with history, natural
sciences, mathematics, and technology (Alibrandi and Goldstein 2015; Bednarz
2004; Milson et al. 2012).

Furthermore, GIS encourages critical thinking and problem-solving by addressing
real-world issues through project-based learning and the use of innovative tech-
nological tools (Kerski 2008). This multidisciplinary nature makes GIS an ideal
resource for developing digital, scientific, and civic competencies, preparing students
to understand and tackle the challenges of today’s world.

In terms of heritage, this tool is of utmost importance due to its capacity for
managing and documenting heritage elements (Bru Castro et al. 2008; Farjas et al.
2009; Faustino Cordero and Alvarez 2017; Faustino Cordero Montero et al. 2020); its
ability to create predictive models (Allen et al. 1990; Molina Martin 2009; Fernandez-
Fernandez 2010, 2013; Fondevilla et al. 2021; Rascén Marqués et al. 2023); perform
territorial analyses (Moreno Martin 2008; Garcia Sanjuan et al. 2009; Ortiz et al.
2013; Ortiz Nieto-Marquez and Baena Preysler 2015; Ortiz Nieto-Méarquez 2015),
and even visibility and optimal route analyses (Zamora 2007, 2008, 2013; Orengo
and Fiz 2008).

Additionally, GIS allows for the visualization of different data layers in an inte-
grated way, with transparency, superimposed, or even modeled in 3D (Vallés-Iriso
et al. 2019). This is the final solution for the dissemination, diffusion, and resources
for Heritage Education in school classrooms, as well as for competency-based
learning (Martin Vecino et al. 2016; Sanchez Cabielles 2014).

Practical Case

Based on the methodology and techniques described, a didactic proposal is suggested
for application in a Primary/Secondary Education classroom, although it can always
be adapted to higher or lower levels.

The Roman site of Caraca has been chosen as an example. This oppidum of the
Carpetani tribe and Roman city is located at Cerro de la Virgen de 1a Muela (Driebes,
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Guadalajara). The site was discovered in the twentieth century due to the discovery
of silver remains on the hillside (Fernandez and Gamo 2019). Thanks to subsequent
prospecting campaigns and archaeological excavations, it has been confirmed that
the hill has been occupied since the Paleolithic period, transitioning to a Carpetani
oppidum upon which the Roman city was built. The city’s peak occurred between
the first and second centuries AD, and it began to decline and be abandoned in the
third century AD (Gamo Pazos et al. 2023).

Caraca is a high imperial Roman city organized around a forum, cardo, and
decumanus, with approximately 27 blocks and covering nearly 8 hectares (Ferndndez
and Gamo 2019). The interest in this city lies in the high quality of the informa-
tion obtained through prospecting processes and the potential it holds for classroom
presentation.

The didactic proposal is divided into three sections. It begins with conflicting
concepts (Excavation vs. Conservation), moves on to finding solutions to this problem
through the application of new prospecting techniques, and finally concludes with
an investigation into Heritage using non-invasive methods (Fig. 1).

In the first introductory section, Archaeology is introduced by asking students
what they know about the discipline, what comes to mind when they think of it, and
if they have ever visited an archaeological site. After this introduction, the teacher
explains what Archaeology is, what can be documented at archaeological sites, and
how this documentation is carried out.

Following this initial approach, students can be shown a news story about looting
or the destruction of archaeological remains, prompting them to reflect on whether
such actions are right or wrong. In this context, it would be explained that everything

Science that studies past
societies through their
material remains

What is
ARCHAEOLOGY documented
How to
document

Past material remains
HERITAGE
FINITE

SEARCH FOR A SOLUTION
TO DOCUMENT HERITAGE
IN A NON-DESTRUCTIVE
WAY

PROBLEM

Digging
Destructive method

APPLICATION OF
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METHODOLOGY

 Virtual exca\l/ation Visualization and REMOTE SENSING GEOPHYSICS
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* HERITAGE GlS Interpretations
EDUCATION in the 3D modeling

classrooms

Fig. 1 Schematic representation of the educational proposal based on PBL for Heritage Education.
Source Own elaboration
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Archaeological PROBLEM Protect and conserve

excavation Heritage

Fig. 2 Schematic representation of the problem as the central axis of the research process. Source
Own elaboration

documented at archaeological sites is part of our cultural heritage, and as citizens,
we must conserve and preserve it.

This is where students should become aware of the contradiction between the
destructive methods of archaeological excavations and the obligation to preserve
heritage as outlined by UNESCO (1972). This problem will be presented as the
central focus of the project, prompting them to reflect, analyze the situation, and
seek non-destructive methods to document archaeological sites (Fig. 2).

The second block will be organized around this real problem, where students
must seek alternatives and create their hypotheses. They will be able to research
in the classroom and present ideas as possible solutions. Later, examples of aerial
prospections can be shown, featuring different buried but visible sites due to the
differential growth of vegetation (Fig. 3). Based on these images, students can work
directly with geographic viewers and infer what might be underground.

Similarly, examples of results from the interpretations of geophysical prospections
of certain sites can be shown next, prompting students to think about what they are
seeing and how the interpretations were made (Fig. 4). After this reflective process,
geophysics will be introduced, explaining what it is and its applications, one of which
is archaeology.

With these two techniques, archaeological data can be obtained without the need
for excavation, thus preserving the heritage.

Finally, we begin the third block. To visualize and interact with the results
of the prospections, Geographic Information Systems (GIS) will be used. Aerial
photographs can be overlaid with georadar interpretations (Fig. 5). This step allows
for the comparison of the prospection techniques and determines which one yields
better results or if they can be used in conjunction.

Once the results of the ground and aerial prospections are georeferenced, a map of
the interpretations is obtained. This map displays the urban layout of the city, which
adapts to the morphology of the hill. At this stage, students can visualize what the
city would look like without the need to excavate or even visit the site (Fig. 6).
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Fig. 3 Aerial photograph of the hill where the Caraca archaeological site is located (Driebes,
Guadalajara). Images taken from Google Earth; the one on the left is from 2015, and the one on the
right is from 2024. Differential growth of vegetation can be observed. Source Own elaboration

They can document the most important parts of the city, such as the forum, the
baths, the circulation routes, large blocks that could represent the villas of wealthy
families, irregular layouts, and smaller structures to the south...

Thanks to the various tools provided by GIS, it is possible to answer some ques-
tions that may arise after visualizing the results. In this case, the absence/presence
of remains in certain areas of the hill is striking, leading to the following question:
What could have happened? (Fig. 7).

By examining the GPR alteration map (Fig. 6), we can identify areas with greater
clarity and depth, as well as areas with fainter anomalies and lesser thickness,
alongside zones with a complete absence of anomalies, where continuity should
exist.

The Digital Terrain Model (DTM) of the hill shows that in the highest areas,
structures are thinner, and the soil is more heterogeneous, indicating that these regions
have experienced greater abrasion due to human actions or higher erosion due to their
elevation. Conversely, in the peripheral areas of this elevated zone, the structures are
more distinct (showing greater contrast between the structures and their surroundings,
which suggests a more homogeneous soil), indicating better preservation.

Through hydrological analysis, the heads of the small streams or gullies on the
hill have been located, which have been altered by current plowing practices that
tend to flatten cultivated surfaces. It can be seen that these heads coincide with the
areas of absence of remains on the anomaly map, suggesting that the site has been
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Fig. 4 Example of results from geophysical surveys with ground-penetrating radar in archaeolog-
ical sites. Software: ArcMap 10.8.1. Source Own elaboration

affected, potentially disappearing due to erosive actions before agricultural use of
the hill (Fig. 7).

These issues address post-depositional processes that directly affect our heritage.
The fact that archaeological sites are exposed to the elements, as is the case with most
sites, means that weather phenomena and human activities impact the condition and
conservation of these assets.
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Fig. 5 ArcGIS interface with the overlay of the photograph showing differential vegetation growth
and the results of the ground-penetrating radar. Software: ArcMap 10.8.1. Source Own elaboration
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Fig. 6 Comparison of the results obtained from the GPR and their interpretation. Software: ArcMap
10.8.1. Source Own elaboration
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Fig. 8 3D modeling of the interpretations of non-invasive prospections. Software: ArcScene 10.8.1.
Source Own elaboration

In this instance, the site was affected by water runoff caused by rainfall, which led
to the deterioration of certain areas of the urban landscape. Subsequently, with the
change in land use to agricultural, farming activities have also impacted its preserva-
tion. Considering this dilemma between socio-economic advancement and heritage
conservation, a debate can be initiated in the classroom.

Finally, thanks to ArcGIS’s capability to work with 3D elements in ArcScene, a
model can be created using the DTM of the site as a base for heights, onto which
the interpretations from the surveys are overlaid, with extrusions to reach the desired
height (Fig. 8).

It is with this tool that students get a more realistic view of what the city of Caraca
could have been. This is the final moment of generalization, where the final solutions
(aerial photography, use of geophysics, etc.) are proposed, and students can evaluate
the process they followed.

Conclusions

When conflicting cases arise in the classroom, such as the current one where docu-
menting heritage remains would require excavating and destroying them, while legis-
lation advocates for conservation, students tend to reflect on the dilemma, presenting
them with a real problem they must confront.

This is one of the primary objectives of Heritage Education (educating from, by,
and for heritage): to make society part of the heritage, to feel it as their own, and
at the same time to understand that they can generate it for future generations. By
analyzing the issues presented in the classroom, students must become aware of the



The Hidden Heritage: Archaeology, Geophysics and GIS at the Service ... 147

importance of the remains, as they form part of cultural heritage and history. When
certain heritage elements are controversial or generate debate, they can contribute the
most to Heritage Education. These actions ensure that students actively participate
in their learning through their critical and reflective abilities (Cuenca Lopez 2023).

They must analyze the situation, determine whether it is correct or not based
on social values, and take action. This is why heritage education in classrooms is so
important. In this case, it has been linked to archaeology and non-invasive techniques,
but many other disciplines can be addressed if we analyze the conservation and
restoration of heritage elements, or if we deal with the conflict or integration of
leisure and tourism related to heritage.

Pedagogically, this problem-based learning (PBL) proposal fits perfectly with the
treatment of heritage education in the classroom, especially focused on controversial
heritage. One should not fall into the temptation of viewing the problem as Heritage
itself; rather, the issue lies in the damage and destruction it suffers, which must be
avoided.

This learning approach, which combines PBL and Heritage Education, stimu-
lates students’ critical thinking as they investigate to propose solutions. Its appli-
cation allows for effective evaluation of the knowledge acquired. Additionally, it
promotes cognitive development by encouraging comparison and exchange of ideas
with others, and fosters active participation in problem-solving (Cuenca Lépez 2013;
Eggen and Kauchak 2015; Estepa Jiménez and Cuenca Lépez 2006; Monfort 2007).

The use of new technologies in the classroom, such as GIS, cartographic viewers,
and the presentation of data obtained through new non-invasive prospecting tech-
niques, reinforces the role of ICT in the learning processes (LOMLOE), while
strengthening the students’ relationship with heritage.

GIS plays a crucial role in acquiring geographic, historical, artistic, and heritage
competencies and knowledge.

As can be seen in the Table 1, the proposed approach is fully immersed in compe-
tency acquisition. Key competencies, as well as specific ones, are achieved whether
implemented in Primary or Secondary Education (LOMLOE).

Finally, it can be concluded that the proposed approach combines new tech-
nologies (cartographic viewers and GIS) with disciplines such as archaeology,
geophysics, and remote sensing to serve heritage, its conservation, and its dissemina-
tion and promotion in society (in this case, the classrooms). This work demonstrates
how Heritage Education can be conducted in classrooms in an active, participa-
tory, and immersive manner, where students are part of their learning by seeking
solutions to a real problem that affects the conservation and legacy of the remains
(archaeological in this case).
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Table 1 Competency application of the applied disciplines in the proposal

DISCIPLINES

KEY COMPETENCIES

Operational Descriptor

HERITAGE EDUCATION

ARCHAEOLOGY

GEOPHYSICS

PRIMARY SPECIFIC COMPETENCIES

Citizenship Competence

Cultural Awareness and
Expression Competence
Digital Competence
Cultural Awareness and
Expression Competence

Citizenship Competence

Mathematical and Scientific
Competence in Engineering

Mathematical and Scientific
Competence in Engineering

Digital Competence

Digital Competence

Entrepreneurial Competence

Mathematical and Scientific
Competence in Engineering

| SECONDARY SPECIFIC COMPETENCIES

CC1,CC2&CC4

CCEC1, CCEC2 &CCEC 4

CD1, CD2, CD3 & CD5

CCEC1 & CCEC2

CC1,CC2,CC3 & CC4

STEM2, STEM4 & STEMS

STEM2, STEM4 & STEM5

CD1,CD2,CD3 &CD5
CD1, CD2, CD3 & CD5
CE1

STEM2, STEM4 & STEMS

Knowledge of the Natural, Social, and Cultural
Environment: CE1, CE2, CE3, CE5, CE6 & CE7

Source Own elaboration
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Geography and History: CE1, CE2, CE3, CE4,
CE5 & CE7
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Annex

PRIMARY EDUCATION SECONDARY EDUCATION
(5th and 6th grades - ages 10-12) (3rd and 4th grades of ESO - ages 14-16)

1. PLANNING s Understand what archaeological 1. Analyze non-invasive documentation

heritage is and its importance. ies (GPR, remote

LEARNING OBJECTIVES 2. Become familiar with basic concepts of |2. Interpret data obtained using

ground-penetrating radar (GPR) and Geographic Information System (GIS)
remote sensing. tools.

3. Develop observation and data recording |3. Propose solutions for the conservation
skills. of archaeological heritage based on

4. Use simple ICT tools to interpret maps. findings.

4. Reflect on the importance of heritage
conservation for culturalidentity.

1. PLANNING 1 Competence in cultural awarenessand |1. Competence in cultural awareness and

expression. expression.

KEY COMPETENCES 2; Digital competence. 2. Digital competence.

3. Mathematical competence and basic 3. Mathematical competence and basic
competences in science and competences in science and
technology. technology.

4. Competence in learning to learn. 4. Competence in linguistic

5. Social and civic competences. communication.

5. Competence in learning to learn.
6. Social and civic competences.

1. PLANNING - Teamwork and collaboration
- Problem-solving

IR NSVERS AL F Environmental awareness

COMPETENCES . Critical thinking

1. PLANNING How can we discover and protect an archaeological site without damaging it?

PROBLEM A team of archaeologists has found evidence of an important archaeological site near your
community. However, they cannot directly the site is by
environmental laws and is located in a nature reserve. They need your help to document and
study the site using non-invasive methods such as ground-penetrating radar (GPR) and remote
sensing. Additionally, you will propose solutions to protect the site and share it with the public
without causing harm.

1. PLANNING 6 SESSIONS OF 1 HOUR

2. GROUP ORGANIZATION

25 students: 5 groups of 5 students 30 students: 6 groups of 5 students

3. BRAINSTORMING

Students share their knowledge about Archaeology. There is no debate, and everythingis noted
down.

4. PROBLEM
PRESENTATION

The problem is presented, and terms are clarified. Present the case to the students and address

5. PROBLEM DEFINITION

|any questions. Specify the time available and the evaluation criteria.
Students analyze the case and identify the problem. They must express it in a single question or
statement

6. RESPONSE AND
HYPOTHESIS
FORMULATION

Students must explore alternatives and create their hypotheses. They can also conduct
research in the classroom and present ideas as possible solutions.
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7. FORMULATION OF
LEARNING OBJECTIVES

Cognitive Objectives

-Understand what archaeological heritage is
and why it is important to protectiit.

-Learn what non-invasive technological tools
(ground-penetrating radar, remote sensing)
are and how they work in a basic and engaging|
way.

-ldentify basic cultural and historical
elements in the context of the fictional site
(structures, objects).

Procedural Objectives

-Use a simple ground-penetrating radar
simulator to detect patterns or shapes in the
terrain.

-Record datain a field journal, organizing the
information clearly.

-Create an illustrated map of the fictional site
with their findings and explain its significance
to a non-specialized audience.

Attitudinal Objectives

-Foster curiosity and interest in the
conservation of cultural heritage.

-Collaborate in teams, respecting the ideas of
peers.

-Appreciate the importance of preserving the
past for future generations

[Cognitive Objectives

-Analyze in depth what archaeological
heritage is and how it relates to cultural
identity.

[-Understand the technical functioning of
tools like ground-penetrating radar (GPR) and
remote sensing systems.

-Introduce basic concepts for interpreting
[geospatial data using Geographic Information
Systems (GIS).

-Recognize the environmental, social, and
cultural risks that threaten heritage
conservation.

Procedural Objectives

-Use GIS software to load, analyze, and
represent data obtained through non-invasive
technology.

-Design conservation proposals for the site,
considering social and environmental factors.

-Prepare and present a well-argued report
that integrates historical, technological, and
strategic analyses.

Attitudinal Objectives

-Develop a critical attitude towards the
relationship between technology,
sustainability, and heritage.

-Appreciate interdisciplinary work and the
importance of collaboration in complex
projects.

-Reflect on individual and collective
responsibility in the protection of cultural
heritage.

8. RESEARCH

To visualize and interact with the results of the

surveys, GIS tools will be used.

9. SYNTHESIS AND
PRESENTATION

Synthesis: Creative and visual (illustrated
maps, posters).

Presentation Level: Playful and narrative to
engage the audience.

Simulated Audience: School or family
community.

Synthesis: Analytical and technical (digital
maps, reports).

Presentation Level: Formal presentation with
reasoning and concrete data.

Simulated Audience: Technical or institutional
committee.

10. EVALUATION AND
SELF-ASSESSMENT

ICognitive Evaluation

-Questionnaires or Basic Knowledge Rubrics
(self-assessment and peer assessment).

Procedural Evaluation
-Direct observation.
-Visual Production Rubric.
-Simple field report.
Attitudinal Evaluation

-Rubric for collaboration and group attitude
(peer assessment).

-Self-assessment.

[Cognitive Evaluation
-Short test.
-Open-ended questions.
Procedural Evaluation

-Rubric for the technical report and digital
presentation.

-Evaluation of the technical quality of the GIS
map.

-Presentation of the conservation proposal.
Attitudinal Evaluation

[-Group evaluation rubric.

-Group self: 1t
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