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Abstract: Non-formal learning can have a crucial role in increasing citizens’ literacy to geoscience
providing the opportunity to raise the public profile of geology and geomorphology. Starting from
these remarks, the project presented here is one of the first attempts, at national level, aimed at
achieving the territorial upgrading based on geoheritage enhancement. The project started thanks to
a bottom-up input and involved the collaboration between scholars and local administrations and
stakeholders for the valorization of a fluvial area within the Municipality of Castellarano (Emilia
Apennines, Northern Italy). To achieve this aim of non-formal learning activities, based on the
interpretation of the geoheritage, have been implemented. In fact, the investigated area includes
valuable geological and geomorphological features which have been used, in the frame of the project
here presented, to promote local geodiversity and geotourism. In particular, three geosites of regional
significance were considered for the creation of EarthCaches, interpretative panels and guided
excursions. Interpretative contents were designed to be educational, providing accurate but non-
technical explanations. Attention was given in including illustrations playing an important role in
the learning process. The results revealed that the implemented activities positively contribute to
raising public awareness on the value of geoheritage.
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1. Introduction

Geology and geomorphology can play a role in the education for sustainability and
sustainable development and in the achievement of the goals of the 2030 Agenda [1-4].
Earth scientists must identify broad and multidisciplinary strategies to meet the increasing
global demand for resources and to predict and mitigate the anthropic impact on Earth [5].

In fact, geotourism (sensu [6]), as a form of sustainable tourism, promotes the conser-
vation of geodiversity (sensu [7,8]) by ensuring geoscientific education [9,10], spreading
understanding and appreciation of geological features to tourists and those communities
living and working around sites of geological and geomorphological interest, beyond mere
aesthetic enjoyment.

In this context, fostering the geological and geomorphological education is crucial
to increase the awareness regarding the importance of geoheritage. In fact, if people
understand the value of geoheritage and geodiversity they are more prone to preserve
them [11,12]. Given the scant literacy on Earth Sciences [13], interpretation, as well as educa-
tion, are fundamental tools to raise awareness about the need for geoheritage management
and conservation [14]. Regarding interpretation, it can be defined as a form of commu-
nication that presents information and educational activities in a way that could arouse
interest/curiosity, entertain and inspire visitors and provide an intentional/deliberate
learning experience [15,16]. Effective interpretation plays a key role in promoting and

Sustainability 2023, 15, 868. https:/ /doi.org/10.3390/su15010868

https:/ /www.mdpi.com/journal/sustainability


https://doi.org/10.3390/su15010868
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0002-7537-4758
https://orcid.org/0000-0002-3504-1596
https://doi.org/10.3390/su15010868
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su15010868?type=check_update&version=2

Sustainability 2023, 15, 868

20f15

fostering geoheritage conservation [17,18]. In fact, through geointerpretation—that is un-
derstood as the interpretation concerning a geological or geomorphological process, event,
or feature—visitors can understand the importance of preserving geoheritage and adopt
self-regulating behaviors more in line with geoheritage conservation purposes [12]. The
supply of interpretive means enables visitors to acquire knowledge and understanding
of the geology and geomorphology of a site (cf. [17]) and their importance in providing
essential ecosystem services for living beings including humans. Interpretation can also be
used by planning authorities to better manage tourism, to preserve natural resources and
to increase visitors’ satisfaction (c.f. [13,19] and references therein). Regarding visitors, it
is necessary to underline that the interpretation means must be tailored to a target public.
In most of the cases, it is not possible to address an interpretative material at the same
time to the general public, hobbyists, teachers and experts. To engage different types of
target audience, a solution could be to design an interpretative plan including different
interpretative levels according to the different types of target audience [20,21].

In this framework, interpretative contents can be conveyed through non-formal learn-
ing activities. In fact, these latter are outside the boundaries of formal education, since
unlike education in formal settings they do not merely include lists of facts or information,
but they use illustrative media, authentic experiences, and original objects to provide
lessons. Non-formal learning has been defined by Colardyn and Bjornavold [22] as: “learn-
ing embedded in planned activities that are not explicitly designated as learning, but
which contain an important learning element”. A recommendation of the Parliamentary
Assembly of the Council of Europe (Recommendation N° 1437) [23] states the importance
of non-formal educational practices to foster formal educational systems to respond to
rapid and constant technological, social, and economic change in society.

Starting from these premises, the aim of the paper is to present the implementation of a
project aimed at enhancing the geological heritage and geodiversity of a fluvial area within
the Municipality of Castellarano (Emilia Apennines, Northern Italy). Although the area is
characterized by valuable natural assets (including geological and geomorphological ones),
since the 1950s, its economic development has been strongly based on the exploitation
of the geological landscape features exclusively understood as raw materials (e.g., clay,
sand, gravel) to serve local construction and tile industries. Since then, the geodiversity
of the area has not yet acquired any value as a cultural asset exploitable in a sustainable
way through geotourism. Considering this context, the current study proposes new ways
and strategies to awaken the interest of the general public on the geological features or
peculiarities as key elements to develop tourism in less popular areas, as the one considered
in this study is. In particular, the area object of interest corresponds to a fluvial cycle-
pedestrian path where three geosites of regional significance are located. Apart from their
unquestionable scenic value, their scientific and cultural interest though recognized by the
scientific community remains generally obscure to the visitors of the area. Starting from
these considerations, in last few years, the need of the territorial upgrading of the area
rose even among the local population. In order to encounter this need, a synergy among
scholars, local administrations and stakeholders was built leading to the implementation
of non-formal learning activities based on the three geosites located in the considered
area. In countertrend with the past vocation of the area, thanks to this synergy applied
to the work here presented, the cultural value of the geological heritage became a means
for the valorization of the area through the creation of interpretative panels, EarthCaches,
and guided excursions. Not least, this paper further intends to present guidelines and
procedures, inspired by the existent literature which were followed by the authors for the
implementation of such non-formal learning activities, and which can also be applied in
other areas.

2. Study Area

The Municipality of Castellarano (Emilia Apennines, Northern Italy) (Figure 1) has a
rich and diverse geological and geomorphological heritage [24]. For many years the local
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administrations have been devoted to the conservation and valorization of the natural
assets within its territory, including geodiversity. The study area corresponds to a fluvial
stretch of the Secchia River, bordered by a cycle-pedestrian path. The landscape of this
fluvial stretch is influenced by (i) anthropic activity, that has deeply modified the river
course, (ii) structural geological factors, i.e., the bedding of rock layers and contrasting
lithology, and of course, (iii) river dynamics which strongly changed through time.

Emilia-Romagna Region
Reggio Emilia Province

Il "Fungo" dell'alveo
del Secchia

<

Stretta di Pescale
(ID 1235)

Figure 1. Geographic location of the three geosites which were object of attention for the implementa-
tion of non-formal learning activities. The spatial limit (outlined with a red line), the name and the ID
(the latter reported in the brackets) are the ones assigned to each geosite in the regional inventory.

The rocks that crop out in the investigated fluvial stretch date back to millions of years
ago (ranging ca. from 70 to 20 million years ago). Formed on the sea floor, they underwent
strong deformations during Apennine orogeny, and some of them were permanently
brought out of the sea. Now their strata appear anything but horizontal, some are inclined
towards the south, some are even vertical. Tectonic uplift—which is still undergoing—and
erosion by the river have been sculpting the rocky outcrops, although man has favored a
strong acceleration of erosion by constructing a river dam in the eighties. If on one hand,
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the deep erosion is creating hazardous conditions such as instability of the river sides, on
the other hand, the constant deepening of the rocky riverbed is creating a system of gorges
of great scenic beauty. The rocks that form the vertical strata down the valley from the river
dam are turbidites belonging to local geological formations dating back to 70 million years
ago: they formed after large underwater-landslide-deposits piled up in layers on the sea
floor [25,26]. The rocky outcrops that form the Pescale gorge (Stretta di Pescale locality) are
bordered by high vertical cliffs made of white carbonate rocks which were formed about
20 million years ago in an environment very similar to that of the current coral reefs [27].
The presence of a fault has favored the incision of the hard rocks by the river, forming a deep
winding canyon [28,29]. At the top of the Pescale cliff, on the right bank of the Secchia River,
there is a fluvial terrace which has been a human settlement since the Neolithic. Once one
has crossed this “bottleneck”, the riverbed widens again towards the artificial river basin.
Downstream with respect to the river dam the selective erosion acting on the outcropping
sandstone and conglomerate layers (dating back to some 30 million years ago) has created
peculiar landforms among which is a curious mushroom-shaped structure. Regarding the
latter, the river erosion has been more effective on the weaker sandstones, thus leaving a
flat “hat” of harder conglomerate sustained by a round-shaped pillar of sandstone.

In this geological context, three geosites included in both the national and regional
inventories can be found. They are located along the cycle-pedestrian path (Figures 1 and 2)
that eases their reachability by pedestrians and cyclists. Considering their good accessibility,
visibility, and exemplarity, these geosites were chosen as the centerpiece of non-formal
learning activities:

1. Stretta di Pescale is a narrow stretch of the Secchia River, bordered by subvertical
cliffs of carbonate rocks. Despite its scenic value, the geosite also has archaeological
importance since it hosts the remnants of a Neolithic human settlement.

2. Traversa di Castellarano is a fluvial dam, the construction of which caused a strong
increase of the downstream erosive power of the Secchia River and the consequent
exposure of turbidites. The geosite is important from a scientific point of view
since it includes exceptionally well exposed turbidite layers part of a rock fold of
regional extensions.

3. Il “"Fungo” dell’alveo del Secchia is a mushroom-shaped structure modelled by river
erosion and located along a deeply carved stretch of the Secchia River. Apart from the
spectacularity of the resulting gorge, the mushroom-shaped structure has been used
as a landmark to estimate riverbed erosion rate.

Figure 2. The three geosites, located along the Secchia River (cf. Figure 2 for their location): (a) the
Castellarano dam and the very well exposed subvertical turbidites outcrops (photo courtesy of
Claudia Milioli); (b) the narrow stretch of the Secchia River in correspondence of Pescale locality with
its subvertical carbonate cliff; (c,d) ten-year evolution of the mushroom shaped structure from 1986
(c) to 1996 (d). Reprinted with permission from Ref. [28]. the Societaa dei Naturalisti e Matematici di
Modena APS.
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3. Materials and Methods

The project for the valorization of the study area started thanks to a bottom-up input.
In fact, the request for the implementation of activities aimed at the enhancement of the rich
and diverse geological heritage of the investigated fluvial stretch was supported by the local
population (as ecological volunteers, hiking groups, sport associations ... ). Then, in order
to satisfy this request, the Municipality of Castellarano, thanks to the support of the Emilia-
Romagna Region and the Emilia Centrale Parks Managing Authority, have stipulated an
agreement with the University of Modena and Reggio Emilia, for the implementation of
non-formal learning activities for the valorization of the area. Three geosites located along
the investigated cycle-pedestrian path were the object of attention for the implementation
of such activities. In fact, due to their good accessibility and/or visibility they offered a
learning opportunity to understand how anthropic activity, structural geological factors and
river dynamics have influenced the landscape evolution of the site. The non-formal learning
activities were based on the interpretation of the geological and geomorphological features
of the study area, and they have implied the rearrangement of scientific and technical
contents in more intellectually accessible ways. This was achieved by making semantic and
conceptual simplifications without losing scientific integrity and still providing accurate
information/explanations [20,30].

In order to develop coherent interpretive themes and select the best interpretive means,
an interpretative plan was designed in collaboration with the Municipality of Castellarano,
the Emilia Centrale Parks Managing Authority and the Emilia-Romagna Region with
the involvement of local stakeholders. Regarding the design of the interpretative plan,
different methods have been presented in literature (cf. [31,32]). In particular, Hughes and
Ballantyne [15] identified three steps that most of these methods have in common:

Definition of the objectives of the interpretation;

Turn of the objectives into themes;

Selection of the best interpretative means.

Inspired by these steps, the procedures followed in this paper, for the implementation

of the interpretative means, are summarized in Figure 3 and a synthetic description of each
step is reported in the following lines.

Steps in designing non-formal learning activities

4 Territorial framework
Defining the geomorphological, geological, and historical framework

Target public
2 Defining age and knowledge in Earth Science of potential users/visitors to whom addressing the
activities (in collaboration with the stakeholders and management bodies)

Earth Science lessons
Identifying lessons in Earth Sciences to be provided taking into account the geoheritage and
geodiversity of the area

\

4 Common thread

Choosing of a topic that connect all the acltivities to make them consistent with each other

Choice and implementation of the non-formal learning activities
5 Creating educational contents with attention to include non-technical explanations and
interdisciplinary, multimedia and interactive contents

e,
w

Figure 3. Steps followed in the design and implementation of the interpretative plan for the val-
orization of the cycle-pedestrian path located along the Secchia River (Municipality of Castellarano,
Northern Italy) through non-formal learning activities.

First of all, the geological and geomorphological framework of the study area was
defined on the basis of data from literature and on the authors” knowledge of the area (see
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Section 2). Particular attention was devoted to the characterization of the three geosites.
Historical maps from the early 19th century, historical photographs, old urban plans, and
projects, retrieved from the Historical Archive of the Municipality, were also considered.
This with the purpose of integrating geological and cultural heritage information.

Secondly, the definition of the target audience was crucial to select the best interpre-
tative means. To this aim some reflections on this topic in the field of geotourism have
been considered [21,32-36]. In particular, one of the earliest reflections on the topic is
included in the manual by Ham et al. [32] where the need of implementing interpretation
plans from the point of view of the audience is stressed. The authors also suggested to
outline simple audience categories as the best way to work in interpretive planning. On the
same note, Dowling [34] remarked the importance to achieve the satisfaction of geotourists
(also taking care of visitor safety during the site visit) in order to guarantee the success of
geotourism activities, including interpretation. Regarding the identification of visitor’s
types, Gorman [33] proposed a classification based on market requirements. The author
associated visitor’s types with an increasing value according to their potential contribution
to the economy of the visited area. In the same paper, the following types of tourists were
identified: accidental and general visitors (from low to medium value), and interested and
Scholarly visitors (from medium to high value).

More recently, Bozi¢ and Tomi¢ [35] and Vasiljevi¢ et al. [36], based on the results of
visitors’ surveys, outlined different geotourists’ profiles. In detail, BoZi¢ and Tomi¢ [35]
focused their analysis on the geotourists’ classification proposed by Grant [37] which
takes into account geotourists” interest and previous knowledge in Earth Sciences (see
Section 4 for more details). The authors compared the appreciation of the different values of
geosites (e.g., Scientific/Educational, Scenic/ Aesthetic values) between general geotourists
(understood as visitors motivated by a general interest in nature and in activities based
on geosites) and pure geotourists (greatly interested with knowledge in geology). The
authors found that the first type gives more importance to human-induced values (e.g.,
promotion, good quality of interpretative panels and tour guide services) while the second
type appreciates natural values of a geosite (e.g., rarity, presence of viewpoints). Similarly,
Vasiljevi¢ et al. [36] distinguished different types of potential geotourists’ profiles which
were outlined based on the different geotourists” attitudes. The authors found that the
major characteristics of geotourists were their interests for local communities and their
appreciation in the involvement of such communities in tourism development.

Inspired by these remarks, in the present study, the target public was selected with
the collaboration of the local administrations and the Emilia Centrale Parks Managing
Authority (see Section 4).

Based on the outlined territorial framework, the third step was aimed at identifying the
features that make the investigated area attractive for visitors and important for providing
them with lessons in Earth Sciences. The term “lessons” should not be considered in the
canonical/formal way, but it is more like take-at-home messages and basic geoscientific
information concerning the geology (mainly structural geology and stratigraphy) and
geomorphology of the area. The considered features were relevant not only to the geological
and geomorphological aspects, but also to the location of point of views, the presence of
human artifacts, historical events or stories and traditions (as suggested by Hughes and
Ballantyne [15] and references therein).

In order to create a consistent itinerary among the three geosites, a theme, a common
thread, was identified. The topic was chosen considering the storytelling opportunities
provided by the investigated area including natural, territorial, and historical aspects.

Lastly, three main non-formal learning activities, i.e., interpretative panels, Earth-
Caching and guided excursions were chosen as suitable interpretative means. In the
following subsection, guidelines and procedures applied for the implementation of these
activities are presented.
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3.1. Interpretative Panels Guidelines and Procedures

According to literature (e.g., [16,19,38]) and authors’ experience, attractive panels
should include the features summarized in Figure 4. In particular, contents should be
understandable, to help the reader to recognize and assimilate information. Photographs
and diagrams may help in visualization and conceptualization of the scientific information.
In fact, they are useful to schematize the landscape of a certain area visible from the
visitor’s position [20], as well as visible and non-visible geological and geomorphological
processes/features [39]. Pictures and drawings may be inserted as well, with instructional
and decorative purposes. In fact, they are demonstrated to be beneficial in the learning
process [40], but it is important to define a common drawing style to make possible the
association between all the panels implemented. Moreover, according to Migon and Pijet-
Migon [18] it would be preferable to follow a common thread and to develop a theme
creating a story that visitors can follow consulting panel after panel. The authors propose
the storytelling approach in designing interpretative panel contents rather than simply
providing information unrelated to each other. In order to create a story, the progressive idea
of geologic time, for instance, can be followed [19]. Regarding the panel installation, their
location should be effective and the relationship between durability, cost, and aesthetics
should be evaluated to identify the best compromise. To encounter all these requirements,
panels should be developed in partnership with experts in visual communication.

Ratio between image,

texts, blank spaces of Using block diagrams and

Being simple and brief 2:1:1 pictures to aid
comprehension
Following a progressive Contents of Vocabulary

understandable by a
person of 12/13 years

idea in relation to
geologic time

interpretative
panels

Hierarchical texts
(modulating shape and
distance of the letters and
font size)

Panel installation

«+ Effective location of the panel

« Evaluating relationship between
durability, cost, and aesthetics

No strong colours

Figure 4. Tips on the implementation of the interpretative panels’ content based on literature related
to the topic (see references in the text).

3.2. EarthCache Guidelines and Procedures

GeoCaching is a GPS-based treasure hunt that has been practiced since May 2000, that
is when the access to GPS positional accuracy was made available by the United States
Government to every GPS device. GeoCaching consists of hiding a container in a particular
location, then publishing the latitude and longitude of the location on the Geocaching
web /mobile application for other “geocachers”, to be found using a GPS device [41-43].
This activity is very popular, in fact in 2017 the worldwide hidden GeoCaches reached
3 million. There are different styles of cache with some demanding an online or field
puzzle to be solved before the final coordinates are revealed or others that do not have
a physical container, e.g., virtual GeoCaches and EarthCaches. These latter are special
types of GeoCaches for which there is not a container but Earth itself provides the treasure.
EarthCaches: (i) provide a lesson in Earth Sciences; (ii) are educational; (iii) highlight a
unique feature providing a unique experience to the visitors as well as a unique lesson
about the feature at the site. Moreover, logging an EarthCache demands GeoCachers to deal
with site-specific tasks that provide a learning opportunity related to the topic. GeoCachers
use the information from the EarthCache web page as well as their on-site observations
to solve the task. Their task/solution logs prove that GeoCachers have visited the site.
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EarthCaching promotes outdoor sustainability and sustainable tourism since it adheres to
the principle of “Leave no Trace” that refers to the enjoyment of the environment without
damaging natural assets or ecosystems.

For the creation of a new EarthCache, it is necessary to follow specific guidelines
available on the dedicated web page at the Geological Society of America (GSA) web
site [44]. In fact, EarthCaching is a program developed and coordinated by GSA and
when a new EarthCache is submitted, it undergoes revisions by geoaware members of the
EarthCache Team. The new EarthCache is published only after reviewers” approval. The
steps for the creation of EarthCaches are summarized in Figure 5.

Implementation of the EarthCaching

1 Designing the contents
Accurate but non-technical explanations and well-developed logging tasks were pravided for each geosite

2 Submission
Texts, figures and logging tasks {with answers) were submitted through http://www.geocaching.com/

3 Review, approval and publication
EarthCaches were reviewed and approved by the EarthCache Team of the Geological Society of America

4 Management of the logs
The answers to the logging task from Geocachers are checked and validated by UNIMORE experts

Figure 5. Steps followed in this study for the creation of a new EarthCache.

EarthCaching is not only a game, in fact it adheres to the four attributes defined by
Jonassen [45] for a meaningful learning experience mediated by technology (cf. [11,46,47]).
EarthCaching is: (i) active, since the EarthCacher searches for the place and wants to
solve the tasks at the location; (ii) intentional, since the EarthCacher has the intention of
discovering, solving, and logging tasks; (iii) authentic, since the challenges/tasks required
for EarthCache log are carried out in nature; (iv) cooperative, since EarthCache visitors can
interact with the Geocaching Community.

3.3. Guided Excursions

As reported by Moreira [19], the interpretative resources can be classified into non-
personalized and personalized. The first are those that do not directly use people as
interpreters (e.g., interpretative panels, signs, publications); the second include interaction
between the public and a person with the role of interpreter (e.g., guided tours, lectures,
games, simulations). The personalized resources offer the opportunity to establish empathy
between visitors and experts making the Earth Science lesson provided more effective.
With the aim of providing personalized interpretative resources aimed at the discovery
of the valuable features of the study area, guided excursions were organized by local
administrations with the involvement of the geomorphologists of the University of Modena
and Reggio Emilia, in quality of experts, together with a specialized environmental guide.

4. Results and Discussion

The outputs of the implementation of the interpretative plan are presented in this
paragraph and related subsections.

The territorial framework outlined earlier in this study identifies the interpretative
potential of the area. Regarding the definition of the target audience, different types of
audience were identified according to the classification provided by Grant [37], i.e.,

General “visitors” who are either unaware, aware, or interested in geological tourism;
‘Geo’ tourists who range from geo-amateurs (amateur but their visit is driven by an
interest in the subject), to geo-specialists (geo-degree or similar driven by technical
interests), to geo-experts (highly informed and interested in specific site or features).
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Considering the geological and geomorphological features and processes character-
izing each of the three geosites, lessons in Earth Sciences were selected (cf. Table 1). In
order to create a consistent itinerary among the three geosites a common theme/thread was
chosen, namely “The River and the Human Being”. This topic was developed in different
ways among the activities, i.e., the Castellarano dam geosite offered the opportunity to
provide information about the anthropic modifications to the riverbed, while the Pescale
geosite was suitable to discuss the geological and geomorphological features which make
fluvial terraces favorable places for human settlements since the Prehistoric period (cf.

Table 1).

Table 1. Earth Science lessons and common thread (theme) chosen to be associated to the

related geosite.

Geosite Name

Lessons in Earth

Description .
P Sciences

Common Thread
Development

Stretta di Pescale

Processes leading to
the formation of
fluvial terraces

Narrow stretch of the
Secchia River at

Pescale locality Rock displacement

due to faulting

The fluvial terraces as
a favorable place for
human settlements

Traversa di Castellarano

Sedimentary
processes for the
formation of

Castellarano dam turbidite rocks

Rock folding due to
Apennine orogeny

Riverbed
modifications
induced by anthropic
interventions

11 “Fungo” dell’alveo
del Secchia

Mushroom-shaped Fluvial erosion

structure along Selective erosion

The response of the
river to the anthropic

Secchia River interventions

processes

To meet the needs of these different types of target public, an interpretative plan with
multiple interpretative strata (cf. [20,21]) was designed:

(1) Base level: Corresponds to interpretative panels, which resulted in static installations
presenting basic information regarding the area. They were designed to be addressed
to general visitors with the purpose of attracting readers’ attention;

(2) Second level: Corresponds to material with more complex content, which is not
only intended to motivate the visitor, but also to provide specific knowledge. They
are addressed to “interested” visitors and geo-amateurs who have already a cer-
tain motivation, but not necessarily the knowledge in geology and geomorphology.
GeoCaching activities were designed to engage this type of audience;

(3)  Third level: Corresponds to material with contents of a certain complexity, for people
with a specific motivation to learn about certain aspects (geo-specialists and geo-
experts). The contents include a list of references, maps, and other technical sources.
A web page in the web site of the Castellarano Municipality was designed to address
this type of audience. The web page is accessible also by scanning a QR code that can
be found on the interpretative panels.

Guided excursions can be tailored to the target audience, thus they can be either
attributed to the second and/or the third level of interpretation. They also provide an
opportunity to test the effectiveness of the designed materials. In the following subsec-
tions the implemented non-formal learning activities (interpretative panels, EarthCaching,
guided excursions) are presented.
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4.1. Interpretative Panels

According to the interpretative plan four panels located along the investigated cycle-
pedestrian path were designed and installed (Figure 6). The first panel was dedicated to
the description of the itinerary through the three geosites, while the other three panels were
dedicated to one of the three geosites each. The order of these three panels followed the
direction of the Secchia River flow. The first panel introducing the itinerary was installed at
the entrance of the cycle-pedestrian path, while the other panels were located not far from
the respective geosite, in correspondence of a viewpoint from which the reader is able to
clearly see the geosite. The place of panel installation was decided by the local Department
of the Environment not only considering the view of the geosites but also to avoid dangers
for the visitors.

Figure 6. Two examples of the interpretative panels installed along the investigated fluvial stretch:
(a,b) distant and closer view of the panel implemented for Stretta di Pescale geosite; (c,d) distant and
closer view of the panel implemented for Il “Fungo” dell’alveo del Secchia geosite.

Panels include informative non-technical contents based on scientific information
while schematic and simplified sketches were used to illustrate processes and features. In
order to make the panels more attractive comics were inserted, in particular a mascot in the
form of a caterpillar provides visitors with curious information regarding the geological
and historical aspects of the site.

As mentioned above, a QR code to access a dedicated page of the web site of the
Castellarano Municipality was included on the lower right corner of each interpretative
panel [48]. In particular, the web page includes supplementary information on each of the
three geosites, as well as animations, videos, maps and links to external resources (e.g.,
reference literature). The web page includes an English translation in order to make the
interpretative contents accessible to a foreign audience.

4.2. EarthCaching

Three EarthCaches were implemented for each geosite object of interest. The position
of the EarthCaches correspond to the positions of the panels providing visitors with a clear
and safe view of the geosite. The texts of the EarthCaches include accurate but non-technical
explanations related to the features that the visitors will find at the site. Explanations are
brief, ranging between 300 and 400 words. The cache page includes a description of the
site and site-specific logging tasks, related to the geology and geomorphology, written in
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both Italian and English. For every EarthCache four logging tasks are provided assuming
a basic knowledge of geology and a certain interest and motivation in accomplishing the
tasks. Interpretative panels may also provide some help for the task completion. The
Cache page also includes pictures of the site and diagrams to better explain geological and
geomorphological features and processes.

The answers to the logging tasks are managed by the EarthCache owners, namely the
geomorphologists’” team of the University of Modena and Reggio Emilia.

In Table 2 the topics of the site-specific tasks are shown. The tasks were categorized
based on the classifications of the subject-specific competences in Geography by Wall and
Donert [49] and to the Geographical Standards used as a guideline in German high school
teaching [50] (cf. [46,51]). These two classifications were generalized and adapted extending
them to the Earth Science subject.

Table 2. Main topics of the tasks required to log the implemented EarthCaches in relation to the
subject-specific competences/performances involved (see references in the text).

Geosite

Topic of the Task Main Competences/Performances

Stretta di Pescale

Appropriately using

Explaining what a fault is subject-specific terminology

Estimating the height of the fluvial terrace Using subject-specific methods

Collecting, comparing, analyzing, and

Describing the outcropping rocks presenting subject-specific information

Arguing why human beings have chosen fluvial Comprehending the reciprocal
terraces as places for settlements since the relationships between physical and
Prehistoric period human environments

Traversa di Castellarano

Appropriately using

Definition of anticline and syncline : o .
subject-specific terminology

Collecting, comparing, analyzing, and

Describing the outcr ing rock . . .
escribing the outcropping rocks presenting sub]ect-spec1f1c information

11 “"Fungo” dell’alveo del Secchia

Arguing about the selective erosion processes Interpreting landscapes
Estimating the height of the river dam Using subject-specific methods
Meaning of erosion rate Comprehending the nature of change

Describing the present-day appearance of the

I ing 1
mushroom-shaped structure nterpreting landscapes

Estimating the depth of the Secchia River gorge Using subject-specific methods

Taking a picture of the riverbed for

. Using subject-specific methods
future comparisons

4.3. Guided Excursions

Guided excursions were organized along the cycle-pedestrian path by the Municipality
of Castellarano in collaboration with the Emilia Centrale Parks Managing Authority for the
Week of the Planet Earth.

Geomorphologists of the University of Modena and Reggio Emilia were involved in
accompanying visitors along the tours together with a specialized environmental guide who
provided visitors with notions regarding the biotic aspects and some curious historical facts.

Every guided excursion was attended by ca. 20 people, approximately 10% of the
participants were teenagers, 25% were children and the rest were adults, the latter were
mainly amateurs with an interest in the subject (geo-amateurs).

5. Conclusions

This paper presented the implementation of a project aimed at enhancing the geologi-
cal heritage and geodiversity of a fluvial area in the Municipality of Castellarano (Northern
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Apennine, Italy) through non-formal learning activities. Although the investigated area is
characterized by a rich and diverse geological and geomorphological heritage, it was not a
common tourist destination and not very well-known even by local people. The request for
the implementation of activities aimed at the valorization of the area was supported by local
administrations as well as by local stakeholders who encourage its renaturation. In this
context, non-formal learning activities (i.e., interpretative panels, EarthCaches and guided
excursions) were implemented focusing on three geosites located within the investigated
fluvial area. Local cultural and historical aspects were also considered.

The activities were designed considering different interpretative levels addressed to
different types of target audiences (general visitors and geotourists) based on their interests
and background in Earth Sciences.

In this context, the paper has presented one of the first studies in Italy on geoheritage
enhancement supported by a bottom-up input which experienced the collaboration be-
tween the University and the local administrations and stakeholders. This is particularly
new especially if one considers that the area is not included in a National Park or Reserve
where generally the natural features (including geology and geomorphology) attract more
the attention of administrations and stakeholders. At the international level, this work
has presented one of the few attempts to combine more traditional interpretative means,
namely, interpretative panels and guided excursions, with the less familiar EarthCaching.
This resulted in the creation of a consistent itinerary among all these activities. The effec-
tiveness of the non-formal learning activities was tested in different ways. In the case of
interpretative panels, guided excursions were used to retrieve feedback from the public
in the form of oral comments of appreciation or critics or requests for clarification made
during the visit. To date, the visits aroused certain interest, but for a systematic study of the
appreciation of the activities a more extensive sample of visitors is necessary. In the near
future, to understand the effectiveness of these activities, feedback from visitors and local
communities will be systematically collected through comment cards or questionnaires.

In the case of EarthCaching, an idea of its efficacy and appreciation is given by the
answers and comments included in the GeoCachers’ log. Moreover, after an initial stop
in school field trips imposed by the COVID-19 pandemic, EarthCaches are currently used
by the Emilia Centrale Parks Managing Authority to carry out dissemination activities
addressed to school children, providing an opportunity to test the efficacy of such activities
on a young public. From a Citizen science perspective, through EarthCache, visitors
can play a role in the monitoring of the state of maintenance of the place and of the
interpretative panels, in fact who posts comments and images will effectively monitor the
site (see also [30]).

In conclusion, to face the new challenges that global climate and societal changes are
imposing, it stands to reason that one of the crucial aspects is the valorization of territories
based on their environmental and natural resources, including geoheritage [24,52,53]. From
this thought, this paper was also intended to contribute in the challenge to raise awareness
of geoconservation starting from the engagement of local communities involving local
administrations and stakeholders, schools, and associations (e.g., see [54]). To face this
challenge and to build these local networks, in this paper an extra effort has been put into
geoheritage interpretation.
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